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CIIAPTKR I 
INTRODUCTION 
"This (water) marvellous element which can bring life to all 
things" (Quran), constitutes 71% of the earth surface. The water being 
so abundant is s t i l l a rare commodity, the freshwater which is 
avai lable for human consumption is only 0.71%. This has necessitated 
a detailed appraisal of fresh water resources all over the world. The 
national and international policies on exploration, exploitation and 
management of water resources have been evolved in order to conserve 
the scarce freshwater resources and to facilitate i t s equitable 
dis tr ibut ion. 
India has been well endowed with fresh water resources, 
but it has spectacle of scarcity with plenty, the quantification of 
tho resourcQ dntn bfiBO hns not hnnn rlonn RO fnr which in nncoRnnry 
for optimum utilization and management of the groundwater and surface 
water in an intogrntnd mnnnnr. Ffforts In this rHrnctlon hnvn hnnn 
init iated by the Rovernmont, prompted by iriprncndnntnd drought and 
floods in the different parts of the country (Ramesam, 19B9). 
The Ganga Basin which is l i teral ly floating over fresh water' 
underground reservoirs is facing problems for supply of drinking water 
to some cri t ical areas which has necessiated Water Technology Mission 
to tackle the problem (Karanth, 1987). In persuance to programiiio 
of regional assessment of groundwater the present study was carried 
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out in Ganga-Kall sub-basin as part of Ph.D. proRrnmme, which forms 
part of the Central Ganga Basin (Fig. 1 ) . The study was directed 
to evaluate the aquifer system and groundwater resource potential of 
the Ganga-Kali sub-basin in par ts of Aligarh and Etah d i s t r i c t s . The 
choice of the area was made due to i ts representat ive character , the 
basin presents a dual situation that is one of water logging and soil 
salinisation in canal command areas and depletion of aquifers in 
western part of the basin (Fig. 2) . The quantified data base 
generated for the Ganga-Kali sub-basin will provide bench mark data 
for environmental monitoring and hydrogeological management of the 
basin. 
Area : The area is located in the semiarid ecosystem of the Central 
Ganga Basin. Geomorphologlcally, it occupies the Interfluves between 
the Ganga and Yamuna flood plain. The Ganga and Kali r i ve r s form 
the eastern and western limits of the area. Administratively, It Is 
located within Aligarh and Etah d is t r ic t s and is included in parts 
of survey of India toposheet No. 53L and 541. 
Systematic hydrogeological survey and sampling were carriod 
out in an area of 1340 Sq km covering Latitudes 27°47' to 28°9' N 
and Longitudes 78°12' to 78°45' E. The area is well connected by 
ra i l and road from Aligarh and Etah which are d is t r ic t Headquarters. 
Almost nil the villngnR nrn wnll nonnnntnd by moloinhln ronds, Atniiill 
and Kaganj are the important towns in the area with suitable camping 
faci l i t ies . 
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MuUiuduluuy : 
In order to Renorntn qtinntitntivo rintn bnRO nn hydrogooloRicnl 
parameters and hydrochemlstry, Rystematic RrounriwntBr RurveyR worn 
carr ied out supported by laboratory Investigations. 
(i) The l i terature pertaining to study area was collected and 
background Information on the state of art was generated. 
(11) Toposheet and LANDSAT Imogorlos of the study area wore 
consulted to generated base map for the field survey. The LANDSAT 
T.M, F.C.C. relevant to the area were Interpreted and various land 
forms were demarcated. 
( i l l ) Rainfall data and various hydrological data pertaining to the 
area were collected. The rainfall data wnro nnnlyRod and tho iiinnn, 
standard deviation coefficient of variation and occurrence and frequency 
of droughts were determined for tho period 1901 to 1989. 
(Iv) The reconnaissance survey of the nrnn wnR rnrrind out with 
select ive ground checks. A network of 160 observation wells was 
es tabl i shed. The wells were located in such a way so as to cover 
4 Sq. km. cells per well. Hydrogeological data and groundwater 
samples were collected from the observation and other wells In tho 
area . 
(v) Repeat measurements to monitor the changes in water level, 
for pre and post monsoon water level were made during 1908 and 1989, 
(vi) The aquifer material (sand samples) were collected from 
various drilling si tes and also from the r iver Ganga and the Kali beds 
through trenching. The aquifer materials were mechanically analysnri 
and data obtained were plotted on grading curve and various 
parameters l ike effective grain size, sorting coefficient and hydraulic 
conductivity were determined. 
(vi l) Pumping test were conducted at two different si tes to 
determine the aquifer character is t ic I . e . s tora t iv i ty , hydraulic 
conductivity and transmissivi ty. 
(v i l l ) In al l , 87 groundwater samplos wore colloctod from different 
groundwater structures l ike open wells, shallow and deep tubewolls 
in duplicate to see vertical and lateral variation in qual i ty. One 
group of sample was kept for physicochemical examination while the 
others were immediately acidified with 10 ml 6N HNO and kept for 
trace element s tudies . To study the chemical quality of surface water 
bodies and i t s inter-relat ionship with groundwater samples were also 
collected from the Gnngn, Knli and Inwnr Gnngn Cannl. 
( ix) Lithological logs of deep tubewells in the area were collected 
and fence diagram and various cross sections of the study area wore 
prepared . 
(x) The hydrogeological data of dug wells were processed, plotted 
and Interpreted. Various maps like dnpth to watnr map, water table 
contour maps and water level fluctuation maps were prepared. 
Hydrographs for a period of 15 years wore prepared to analyse the 
changes in the groundwater regime in time and spncn. 
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(xi) Water samples were analysed for major and trace elements 
lu dolonuliio llB quuUly hii- doiiioRllc and Irrl^fitlon uses. VfirluuH 
hydrochemical f ades were determined through t r i l lnear diagram. 
(xl i) Concurrence and synthesis of hydrogoological, hydroloRlcol, 
hydromorphologlcnl, liydroiimtcoroloKlcnl, hychoclioiiilcal dntn WUH 
attempted to generate the model for groundwater regime of Ganga-Kali 
sub-basin presented In the present thes is . 
State of Art : 
The ser ies of developments in hydrogeology between 1856 
and 1955 helped to establish the principles of groundwater resource 
evaluation. 
Darcy (1856) did experimental work on the flow of water 
In sand and derived formula known as Darcy 's law, which expresses 
the relationship between the velocity of porcolaton, permeability of 
water-yielding material and hydraulic gradient, Darcys law servos 
as the basis for subsequent attempt on quantification of groundwater 
resource. 
Theim (1906) developed an equation for steady state flow 
conditions of groundwater. Theis (1935) gave the non-oqulllbrlum 
formula for unsteady state flow to a well discharging from a confined 
aquifer. Rnvnrnl worknrR Rlncn tlion luivn loi-imiliitod n(|iinll()nH ifildlliig 
to discharge from an aquifer to the head difference under the different 
conditions like leakage from overlying n()ultard, delayed yield, largo 
• f i -
diameter wells, multi aquifer system etc . (Jacob, 1946; Boulton, 1963; 
Huntush, 1956; Walton, 1962; Pricket , 1965). 
The last three decades have seen phenomenal growth In the 
science of hydrogeology. It is now not limited to resource aspects 
and hydrudynuiiilca but encuinpaHSoa physlco clioiiih:al relations and 
responses, occurrence, movement and energy storage in the aquifers . 
Besides, the resource potential, the area is looked into i t s entire 
ver t ical profile from atmosphere to Lithosphere (Ramesam, 1987). 
Development of information system and computerized 
groundwater data bases with telemetric link to ground instruments on 
real time basis, studies on recycling of resource, Krigging techniques 
for evaluating regional variable out of sparse data and groundwater 
modeling using finite difference and finite element models to solve 
groundwater f low and solute transport problem etc . are some of the 
modern fioldR in groundwntnr roBonrch (Mnrslly, 1900 ; Door, 19fJ7; 
Ramesam, 1987). 
Systematic groundwater exploration was taken up in early 
fifties hy the Cnnlrnl nroiinflwntnr Rnnrri, In liuHn was Inltinlly 
confined to resource evaluation In the unconsolidated formations. The 
act ivi ty extended to the hard rock regions about 20 years la t ter 
The techniques of exploration primarily consisted of geological 
reconniasanco, occasional goophysical survey and actual dr i l l ing. 
Today resource estimation at microlevel for some of the r ive r basins 
throngli wnfnr hudRntliiR nliidinri twn nviilliihld ( KiiiiKimuii, 1 !)M7) . 
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Co-lncidental with the water balance studies a few research 
project of problems specific or location specific nature have been 
under lokon ( KOIIIOBQIII, 1907). In locont vonrH iiiunltorlnH oi tlio 
effects of the withdrawls on the groundwater levels and rsRlonal 
dbcllno In wntnr InvolH hnn boon «nlnln« Iniixirtniinn (Hno, IflfWi). 
A concerted thrust on Research and Development in 
Groundwater with identified areas of research duly supported by 
requis i te budget allocations however has been lacking. As the country 
is marching towards 21st century by which time the total annual 
replenishable recharge from rains to the groundwater body would have 
been fully uti l ized, the conservation of existing finite resource, i ts 
augmentation protection and judicious exploitation would require urgent 
attention. 
Previous work in the Area : 
Prior to the present Investigation various agencies had 
undertaken hydrogeological investigations of the study area lor 
different purposes. 
The exploratory tubewell organisation , carried out 
exploratory drilling and short duration pumping tests In Atraull area, 
(Anon, 1964), which indicate that transmissivity range from (VMi.AH 
2 -3 
to 2327 m /day and the storage coefficient varies from 3.17 x 10 ' 
to 3.9 x 10"^. 
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Uao ot a l . {19(ir)) cnrrind oul nxijlorntory (irllllnR nn(J nlRo 
determined the aquifer parameters through pumping tes ts at Tikta 
2 Village. They reported the value of transmissivity as 914.55 m /day 
and specific yield value 8.75 percent. 
Dutt (1969) studied the hydrogeology and water logging 
conditions in Aligarh d i s t r ic t . He reported that the seepage from 
the Ganga canal has created water logging conditions in the area. 
He also conducted short duration pumping test in Atrauli area and 
2 determined the value of Transmissivity and permeability as 576 m /day 
and 22.2 m/day respect ively. 
In Bijauli area three to four-tier aquifer system occurs down 
to the depth of 143 m b g 1. These aquifers lateral ly merge with 
each other and behave as a single aquifer system; upto 1986 only 42% 
of total groundwater resources of Bijauli block had been developed 
(Ahmad et a l . , 1989). 
Siinciric yhild onl liiiiil Ion iil Chiiiiii villiigo ufiliig rodlo iicllvit 
t racer techniques were carried out simultaneously. Pump test and grain 
size analysis woro oltciniJtod to compare the resu l t s . I'ho 
transmissivity and permeability values obtained through radio-active 
t racer techniques, the puming test and grain size data analysis are 
in agreement and exhibit general correlation. However, the values 
of specific yield obtained by grain sizn nnalysiR slightly differ with 
resul ts obtained through the pumping test and radio-act ive tracer 
techniques (Raja et a l . , 19R9). 
Present Work in the Area : 
The geomorphology, geoloRv, hydrogeology. hydrochemistrv 
and water balance studies of the area have been described under the 
present study to provide quantitative data base. 
The geomorphological studies have helped In delineating 
various land forms such as paleo channels, meander Scroll, scars e tc . 
Geologically, the area comprises quaternary alluvium. The 
Neogene Siwaliks sandstone occurs as sub-crop at 3fiO metres b . g . l . 
and forms good aquifer zone between 360-410 metres b . g . l . Below 410 
m the groundwater is saline in nature. The Siwalik sandstone 
unconformably overl ies the Upper Proterozoic Bhander Limestone of 
Upper Vlndhynn Croiii) whicli In turn (Hrnclly ovni l lnn tlin niindnlkliiind 
granitic massif at a depth of 2062 below ground level . 
Hydrogeologically, the area has two to th ree- t i e r aquifer 
system down to 150 meter b . g . l . which lateral ly merges Into single 
bodied aquifer system. I'he study shows that the aquifer uiUo 'JO 
meter depth are unconfined and below 90 meter they are confined In 
nature. 
The grounnd-water of the basin is potable, hard , alkaline 
in reaction and moderately mineralised. It is alkali bicnrbonnto type, 
suitable for drinking and irrigational purposes. However, the results 
of chemical analysis show that the groundwater from the shallow 
aquifers is having concentration of heavy toxic trace elements (slightly 
higher than the poriiilsslbio limit which may prove dotrliiiontnl to 
human heal th. 
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The water balancG studies Indicate avai labi l i ty of surplus 
groundwater resources of 169.4 M.C.M. In 1340 square Kilometre basinal 
area, capable of supporting 588 deep and 3670 shallow tubewells in 
addition to the existing tubewells. Further, it is suggested that the 
nqulfor lying bolow 150 motor bo thoroughly oxplornd both 
quantitatively and qualitatively to meet the demand for future water 
supply. 
The area has 48% development but s t i l l the scenario is that 
the basin Is part ly grey and part ly white which Is due to faulty 
management and exploitation policies in the area. The present study 
will provide the bench mark data for environmental monitoring and 
hydrogeological management of the basin. It will also serve as a 
standard for modeling the temporal changes in fragile ecosystem of 
the Ganga basin which is having a potential danger of pollution from 
Narora Atomic Power Plant which is located about 12 km in the 
iipotronin Ridn of liin hnnin nnd nhio tho pcil rdchiiiiihwil coiiiplcixon 
emerging in the Gangetic Plain. 
CHAPTER II 
PHYSIOGRAPHY AND DRAINAGE 
PHYSIOGRAPHY : 
I'luj iit'OM uiuJiit' liiviwil IMIIIIDII 1H ii |)iii'l 1)1 llio iKirlh iiiiHltirii 
sub-divisions of the Allgarh and Etah d i s t r i c t s , comprising all the 
s tretches between the Ganga and the loit bank of the kali rlvnrR. 
The latter forms the boundary on the west and south dividing the 
area from the rest of the Allgarh and laali d i s t r i c t s . 
The physical feature of the area presents a great d ivers i ty 
of appearances. From the low valleys of the Ganges which l ies 
between the present active channel and the upland margins, the level 
r i ses sharply to the high sandy uplands which crown the old flood 
bank of the r iver Ganga and then descends gradually into a depression 
drained by the Nim and Chhoiya r ivers beyond which it r i ses again 
to the bank of thn Knll-rlvnr, Ah)ng tlin r-lghl hunk of Knll-iivrn- IH 
another sandy belt rising from tho low valley of tho Kali r lvor and 
this is followed by a belt of loam soil which sinks gradually into 
the broad central depression further west. F'hyslographically, tlin 
Ganga Kali sub-basin can broadly be divided into the following throe 
dist inct physiographic units (Fig. 2 b ) . 
The low valley of the Ganga 
Eastern upland between the low valley of the Ganga and the Nim 
r iver 
Nim-kali interfluves 

Plato 1 . - A view of the Lower Ganga Canal, 
r U M I C I 
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(1) The low valley of the river Ganga 
It l ies between the right bank of the r iver Gnngn nnd 
uplands marRlns. It extends In nnrth west to Ronth onBt direction 
parallel to the old bank of the r iver Ganga. It is 1.6 krn wide In 
north which gradually Increases due south where It attains a maximum 
width of about 16 kilometre, which further south reduces to about 
7 kilometre near Soron. The soil of this physlogrni)hlc unit Is recent 
alluvium comprising fine through medium to coarse sand. Geomorpholo-
gically, this tract consist of numerous point bar deposits with 
enechelon distr ibution, aligned parallel or sub parallel to the old high 
bank. They are usually separated by the intervening low land which 
once form the parts of the erstwhile channels. Each point bar deposit 
consists of coarsest material at bottom and the finest at the top thus 
it represents a fining upward sequences. 
The lower Ganga cnnnl which is 73.17 m wide nnd 37 km 
long with a discharge of 8500 cnr.oc t raverses through the eastern 
margin nf the study nrnn (Plntn I ) . Tlin cnnnl flows mnlnly througli 
the low valleys of Ganga upto Sikandarpur village thereafter t raverses 
along the upland and crosses the kali r ive r near Kasganj through an 
aquiduct. This canal is a feeder channel out of which Farrukhabad 
dis t r ibutary has been taken out which i r r igates south eastern part 
of the study area. 
The construction of the lower Ganga canal has greatly 
bonofittod the low valley of Ganga by moans of protoctlve ombnnkiiionts 
Plate 2a - sand dunes In the low valley of the Gangs, 
Plate 2b - Low valleys of the Ganga high land In the background, 
PLATE 2 a 
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which run at right angles to the canal as far as the old 
chonnols. 
The soil of this valley throughout the area Is sandy, 
differing from the soil of upland. In that they contain a large 
admixture of vegetnhle matters. Along the edge of the Gongn are 
found rich soft loam on which sugarcane is cultivated without 
i rr igat ion. Similar but loss valuable soil Is mot with along tho odgo 
of the old channel of the Ganga. Between the above two, the level 
l ies higher and the quality of soil deteriorates from north to south, 
being very sandy just above the old channel. South of the old 
channels, there is always a considerable s tretch of very poor soil, 
e i ther wind blown sand or waste land. 
The sub-soil throughout this tract is sand of the Ganges. 
Tho surfnco 1B ovorywhnrn nnnvnn. I'hn crnRlH of thn vorllcnl or 
la tera l point bar deposits which are generally aligned enechelon 
almost sub-parallel to upland margins form tho topographic highs 
while the intervening lows represents the old channels, are mostly 
found as marshy tracts full of weeds (P la te - I I ) . The point bar 
deposit are covered with thick forest and form the natural habitat 
for wild animals. 
Eastern Upland: 
The low valleys of the Ganga is followed by eastern upland 
(area between upland margin and thn Nim) r ivnr which nxtniuls in 
PLATE 2b 
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northwest to southeast dlrnctloii (IMR. 2'b).. Thn onstorn flnnk of 
th is upland slopes towards the Ganga while the western flank tapers 
towards the Nim-Chhoiya depression- a mini watershed bounded by 
the Nim and Chhoiya r i ve r s . This upland commences with the belt 
of high undulating ground nt)nvo tlin stnnp upland innrglnB facing tlin 
low flood plains of the r iver Ganga. The soil of this tract is almost 
sandy. The ravines are comparatively low and seldom extensive. 
The sandy tract extends inland as far as the valley of the Nim r ive r . 
The central portion of this upland is occupied by loam soil and waste 
land with numerous patches of salt offloresnnco. This tract is 
thickly populated and thorn are numnrous mango grooves. The crnst 
of th is upland is traversed by the Anupshahar branch of the Upper 
Ganga canal and Its various d i s t r ibu ta r ies . 
Nim-Kall Interfluve : 
The Nim-Kall Intnrfluvns forms t)aRlcally the part of onRtorn 
upland which has been dissected by perennial stream called Nim hence 
present physiographic unit is named after Nim-Kall interfluves. 
This physiograplilc unit has further boon divided into 
(n) Nitri - Chhn lyn DnprnRKinn 
(b) Atrauli upland 
The Nim - Kali interfluves from the largest physlograhic 
unit of the study area which extends for about bO km In length from 
Atrauli in North to KasganJ in south. 
Plate 3 - View of confluonco of Nlm and Kail r ivers . 
PLATE 3 
(n) Nlm - Chholyn noproRBlon 
The eastern upland is followed by a mini watershed called 
Nim-chhoiya depression. 
This low land appears to have been carved out of the 
upland through continunns erosion with the pnRRnRn of tlmn. Thn 
Nlm enters the area in the north and t raverses due south-east and 
Joins the Kali r ive r at Barharl In Etah dis t r ic t (Plate - I I I ) . It 
Is 3' perennial stream but Chholya is a drainage channel which Joins 
i t at Rumami which remains dry except during the rainy season. 
There is a belt of low land along the Nim comprising fair quality 
loam but the soil is apt to deteriorate after heavy floods especially 
in southern reaches owing to saturation and appearance of s a l t s . 
The country west of r iver is a fine stretch of good loam soil 
extending to sandy ridge which overlooks the valley of Kali r ive r . 
(b) Atraull upland : 
It is a part of Nlm - Kali Interfluvos. It l ies west of 
Nim-Chhoiya r i v e r s . This part is a s tretch of good loam soil which 
oxtonds wostwnrri iiptn tlm low flood plain of Ihn Knli r ivnr . 
Almost universally the soil on the immediate margin of the Kali r iver 
i s a good loam, woU raised and not too stiff. I'hls i)ortIon Is tlin 
best and least uncertain portion of the val ley. Through the central 
par ts of the Atrauli upland there runs a doproRsion In whlcli KDII 
stiffens into clay and at places there is good deal of waste land, 
part icularly south east of Atrauli. 
-If i-
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An at tempt has been made to ident i fy d i f ferent geomorphic 
oloinents of tho CnMRn-Kfili Siil)-l)nRiii In [)nrtR of AllRnrh-Istah 
d i s t r i c t s . For ttie above p u r p o s e , remote sensing data product of 
LANDSAT TM F.CC bands 2 ,3 ,4 per ta in ing to 14^ pa th and 041 row 
and 146 pa th and 041 row were u s e d . 
There a r e two well defined p lanat ion (T , T surfaces) 
which have deve loped in r e sponse to changing cl imate and sea level 
r iuc luat lons durliiy lal(3 CJuatoiiiary (Siiigli, I'JOV). (Jn Ihoso roHlonal 
p lanat ion surface a number of r e l i c t d r a i n a g e s , abandoned channels 
and meander s c a r s a r e p resen t in cont ras t to p r e sen t day ac t i ve 
channe ls (To surface) forming a d i s t inc t geomorphic element in the 
a r e a . T^ sur face from the flood pla in of the r i v e r about 2-5 m 1 
h i g h e r than tho a c t i v e chnnriol.s niul roprnsnu t s dofjosllB of post j)lin.so 
of tJie Gai)f,'a. 
I'rnm tho nctivn nhniinnl through flnnd filnin to tlin ndjncnnt 
u p l a n d s , in a l l t h r e e geomorphic surfaces a r e iden t i f ied where each 
one has i t s own d i s t i n c t i v e f luvial geomorphic c h a r a c t e r s . 
To Surface : 
The b r a i d e d s t ream c h a r a c t e r and fine sand s i z e of the 
nc t lvo chaniiol of Ihn ifinsnnl day (ianga i-Jvnr is T - s i i r laco . Wi^vv. 
tho channo) Is brn ldod lypn: a chaiiiio) which i.s d iv idod Into Movoral 
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Plato 4a - A view of mnrfihy tract nt T nurfnco. 
Plate 4b - Bushes in the low valley of the Ganga. 
PLATE I* 
(a) 
(b) 
•17-
channels which successively meet and re -d iv ided . Generally the 
braiding is low and at bankful stage channel is s l ightly sinuous. 
This surface is made up of a few active channels and channel bars 
(Fig. I I I ) . 
T. Surface 
This surface is located about 5-10 m above the To-surfnce 
and restr icted within the r iver vnllov. The lower gnngnR cnnnl form 
the limiting line of this surface. It shows extensive vegetation and 
number of marshy tracts (Plate - IV). Near surface sediments are 
s i l ty sand; but below few metres, thick sand deposits are present. 
In the imagery, this surface shows many meander scars and a very 
prominent meander scroll close to Sikandarpur village (Fig. 3 ) . 
Meander scrolls are defined as depression and r ises on the convex 
s ide of bends formed as channel migrated laterally down the vnlloy 
and toward the concave hnnk (l.onpnld, 1904). I'mRonco of tlinsn 
geomorphic features implies that when the danga r iver was flowing 
at T surface it was highly sinuous in cliaracter. The age of tlio 
T surface, abondoned meandering channel is nnnceptually inferred 
to be around 20-30 ka, the last inter glacial (Chosh and Singh, 
1988) 
Tg Surface 
This surface is an upland surface, it is 5-10 m above the 
'I' Rurincn. Major p.'U't ol llil'; snrliicc fUiow;; r.llly clny, voiy ollnn 
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Interclated with the calcareous concretions of varying s izes . There 
are many abandoned drainage and abandoned channels which have given 
risn to nuinnrnim Inknn niul mnrnhv Iniuln nprnnd linrn niul thnid (ill 
over the area (Fig. 3) . 
Down to the 10 metres depth below this surface no major 
sand bodies are encountered during the water well d r i l l ings . Age 
of th is surface may be last interglacial (120 ka) upon which tens 
of metres of sediment have accreted ever since; the age of abandoned 
drainages is 5-10 ka (Singh, 1987; Ghosh and Singh, 1988). Tho 
study shows that the T surface appears in contrast to the braided 
stream characters of the present day Ganga r iver To . It is argued 
that T surface is an older surface and formed by palaeo-Ganga 
r ive r during 25-30 ka. This palaoo Ganga-lUvcr of T surface 
phase was a higly meandering type, which carried somewhat coarser 
grained sediment load. It implies that the paleo-Ganga River of 25-
30 ka period was carrying more water and less sediment load to 
dis t inct ive meanders (Singh, 1990). 
Mukherji (1963) pointed out from his study of the Ganga-
Yamuna interfluves that the paleo-Ganga r iver was characterised by 
8-15 km wide broad r iver vnllny ns compared to the prnsnnt day 
3-10 km narrow flood plain. This means that in ear l ier phase the 
Ganga r lvor was much larger aiul canyliig vory higher dlschiu'gofi. . 
This is further substantiated through the study of the satel l i te 
imagery data which show tight meandering of high amplitude 
demanding a higher water budget during their active phase. 
-1!)-
Around 18 ka years back during the last sea-level low 
Htnnd, thn Cnnqn rlvnr nut itnnlf \n\n Itn T nnifncn nn n rnntilt of 
base level adjustment due to fall in sea level , later due to r ise in 
sea level, the Ganga r iver has aggraded to develope the T surface 
and this tendency is s t i l l continuing. During Inst Z^ nOO ynnrs thn 
Ganga r iver underwent a distinct change from meandering type to the 
present day braided type consequent to the decrease in water budget 
and Increase in sediment load (Singh, 1990). 
Further, the decrease in the discharge may be at tr ibuted 
to "a meteriological and other factors as well. One of the most 
important factor leading to fall in discharge was the construction 
of the two feeder canals, one at Hardwar and other at Narora which 
were constructed in 1879 led to great decrease in discharge amounting 
to about 11876 cusoc. 'I'ho cUvorsinn of sucli n hugo dlBchnrgn of 
the Ganga water through these two canals is bound to have i ts impact 
on the r iver behaviour, what happend before 1879 and what factor 
controlled the fall in discharge are very l i t t le known yet the 
iiiolamorphosls of tlio dfainago lioiii iiicandcrlng to liraided is vory 
well dist inct . 
DRAINAGE : 
The study area under investigation is drained by the UanRa, 
Nim, Chhhoiya and the Kali r i ve r s . The right bank of the Ganga 
forms the eastern most hydroboundary. However, the Ganga morolv 
touches the study area in thn nnst anri direct ly drnins low nf vnllnys 
Plate 5 - Old channels of the r i v e r Ganga, 
PLATE 5 
./ .^ 
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and a small portion of uplands from which the surface water is 
carried down by small streams which flow through the few ravines 
of small maRnitude and finally join the Gansa r ive r . 
The Old Ganga: 
The left over channels of the Gnnges nro, known OR the old 
Ganga. It flows through the low valleys of the Ganga adjacent to 
the high bank of the upland margins (Plate - V). The flow in the 
old Ganga channel Is slightly sluggish due to the blockade at many 
places by sand sp i l l s and weeds. 
Tho floods in tills low vnlloy ol the d'nngn are coirimon niul 
of long continuance, while the lands in i t s neighbourhood are l iable 
to water loj^ylng. 
The Kail Klvor : 
The kali r iver which forms thn western hydroboundnry of 
the area is tho only tributary of tlio Ganga wlilcli t raverses tlio aroa. 
It r i ses in Muzzaffar Nagar dis t r ic t and passes through Meerut and 
Bulandshahar, before entering Aligarh d is t r ic t on tho northern border 
close to tho Atrauil-UoaiJ railway stalloii, HKMI It lakcis dovlouK but 
south easterly course, along the southern and western border of 
Aligarh dis t t r ic t passing into Etah near Barhari and forms tho 
southern boundary of the area. The valley through which it flows 
i s deep and about 0.5 kilomotor in width from crest to crest and 
Plate 6a - Stoop loft tinnk nf tho r i v o r Kn l l . 
Plate 6b - Hard pan exposed on the left bank of river Kali. 
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though stream floods readi ly , i t s inundations however, long continued 
never extend outside tho vallny. Thn r ivor Is not nnvignhln tint 
of perennial nature and i t s volume is increased by the surplus water 
fruiii t l in nniiHn c m m l . N m l h r n n p o r t i o n o f Kliih t l l f i l i l r l rhnlnri Into 
the Kali r iver , which is capable of dealing considerable volume of 
water. It flows mainly through the upland and is characterized by 
meandering deep channels and highly ravinous banks and finally joins 
the r iver Ganga south of Farrukhabad town. 
The Nlm and Chholya Rivors : 
The chholya being an ephemeral stream, of more 
Importance, however, is only tho Nlm which t raverses through thO 
middle of the Ganga-Kali upland. The stream r ises In Bulandshnhr 
d is t r ic t enters the area at Chakathal, flows in southerly or south-
easterly direction past thn villngns nf nljnnll, nhlknmpur niul 
Ganglri. At a placo lUiiiiainai, it is joined on i ts rlglil bank by 
a small drainage channel callnd riilioiya, which has i ts source nortli 
of Atraull, close to tlie dis t r ic t hnrrJer, and durinp tiio rains carr ies 
off good dnal of wntnr irniii thn low ground in tho vic ini ty . 11 Is 
dry during the hot weather, but the Nim is perenial, and is utilized 
for Irrigation. 
CLIMATE AND RAINFALL : 
'i'hn Ganga-Kali r.uh-har.in fallr, niidor llio fiui)-ti-opical 
cliinalic zone and is charactnriznd by liot RuiiuiifM- and ciiillv winter. 
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The temperature s ta r t s rising by the middle of March, April , May 
and June are the hottest months of the year. During June the 
temporaturo often risos to 4r)''C whllo during wlnlor soason mercury 
touches 4°C. December and January are the coldest months of tlin 
year . 
Rainfall : 
The hot spell is followed by the onsets of monsoon which 
breaks around the 2nd week of June every year. The area receives 
rainfall mainly from the south west monsoon during the months of 
June to September. However, heavy precipitation takes place in the 
month of July and August and monsoon recedes in September. The 
average annual rainfall for the Ganga-Kali sub-basin is 754. 12 mm. 
Areal Distribution of Rainfall : 
A Perusal of Isohyctal map (fig. 4) of the study area 
shows that the intensity of rainfall decreases from oast to west and 
on an average the eastern part of the area recnivns sl ightly iiioro 
rainfall whicli gradually decreases in the west proximal to the bank 
of rivor Yamuna. 
Departures : 
'I'lin dnpiii-ltu'o niul ctiimiliitivo (lupiulurnH lioiii lliu aiinuiil 
rainfall are given in (Appendix lA fi n) and are shown in (figure 

- 2 3 -
5a, 5b li Ga, Gb). Tho departures sliow wide variations Iroiii the 
mean, indicating the erra t ic nature nf tho rainfall whoroaB ciiimilntlvo 
departures ends around the mean annual rainfall indicatinR a 
cumulntlvo cnmpnnRntinR offnct, nr. fnr nn thn (|U(mltun of oxrnf.n and 
deficit rainfall over a longer period is concerned. 
Variability of Rainfall : 
The available annual rainfall data of Atrauli and KasRanj 
rain-gauge stations for the period 1901 to 1989 have been s ta t is t lcal lv 
analysed and results are tabulated (table 1 ) . 
The table shows that the highest rainfall at Atrauli 
rain-gauge station is 1402 mm (1983) where as lowest 307.3 mm (1987) 
and at KasganJ the highest rainfall 1227 mm (1960) while lowest 
208 mm Is recorded in 1918, showing a very wide range of variation. 
The mean annual rainfall for Atrauli and KasganJ and 
755 mm and 753 mm respect ively . The average moan annual rainfall 
for the entire Ganga-Kali sut)-basin is 745. 12 iiiiii. Tho standard 
deviation at Atrauli is 250.53 and at Kasganj it is 225.43 mm. 
The coefficient of variation in the basin var ies from 29.93 
to 33.18%, minimum and maximum being at Kasganj and Atrauli 
respect ively . This suggests that occurrence of rainfall var ies mildly, 
all over this basin. Tho average coefficient of variation in the entire 
basin is 31.5% which is cnnsidnrablv liigh and indirntos a significnnt 
var iabi l i ty of rainlall with time. 
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Table 1: Results of statistical analysis of annual rainfall at Atrauli 
and KasRanj ralngauge stations. 
Atrauli 
Highest rainfall (1983) 
Lowest rainfall (1987) 
Mean 
Standard deviation 
Coefficient of variation 
14U2 mm 
307.3 mm 
755.06 mm 
247.4 
33.18% 
KasganJ 
Highest rainfall (1960) 
Lowest rainfall (1918) 
Mean 
Standard deviation 
Coefficient of variation 
1227.7 mm 
208.00mm 
753.19mm 
225.43 
29.93% 
DROUGHT ANALYSIS 
Rainfall varies in space and time. Droughts and floods 
are the consequences of th is var iab i l i ty . 
In general drought refers to large and prolonged lack 
of rainfall affecting agriculture, domestic water supplies and other 
water dependent economic ac t iv i t ies . But with the developing 
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drought condition has to be viewed from 3 different angle (Upadhya 
et a l , , 1989). 
(a) Molurtiluulcul : 
When the actual rainfall is less than the normal (long 
term climatological mean) by 25% or more over an area. 
(b) Hydrological : 
When there is marked depletion of surface water and 
consequent drying up of lakes, reserviors and r i v e r s . It may also 
roault In rncnRHlon of Rlnclnr dun to limufflt;lnnt rngnnorntlon of 
seasonal snow cover. 
(c) Agricultural : 
When soil moisture is inadequate to support healthy 
growth of crops. Water table goes deeper and ground water is unnhlo 
to meet the demand. The study area forms a part of the central 
Ganga plain which is basically an agricultural t ract , hence the 
computations are mainly based on agricultural definition of drought. 
The computation takes into account the negative departure of rainfall 
from the mean. 
The classification of drought based on the percentage 
of the negative departure of rainfall from i ts mean are as follows. 
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Percentage of Departure Type of Drought 
0.1 - 25.0 
25.1 - 50.0 
OU.l - 70.U 
75.1 - 100.0 
Mild flroiiglit 
Normal drought 
S H V H I H (IrouHhl 
Most severe / ra re drought 
The analysis for drought occurrence In the basin shows 
that the area in general has been experiencing droughts of varying 
intensity over the period (1901-1989). The table below shows the 
year and frequency of occurrence of droughts in the basin. 
Table 2a: Result of Drought Analysis at Atrauli 
Types of Drought Years Frequency of 
occurrence 
Mild drought 
(0 - 25%) 
1907. 1909, 1910, 1911, 
1913, 1914, 1923, 1925, 
192B, 1928, 1931, 1935, 
1937, 1943, 1944, 1949, 
1952, 1902, 1905, 1900, 
1968, 1984, 1986, 1987 
26.96% 
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Normal drought 1902, 1903, 1905, 1908, 17.97% 
^^ ^ • '^^'^^ 1912. 1915. 1918, 1920. 
1929, 1935. 1937, 1938, 
1953, 1959, 1981, 
Severe drought 1901, 1941, 1979, 1987 4.49% 
(50 - 75%) 
Table 2b: Result of Drought AnalyBls at KasgnnJ 
Type of drought Years Frequency of 
occurrence 
Mild drought 1901, 1908, 1910. 
1911. 1915. 1920. 28.08% 
1925, 1929, 1930, 
1937, 1939, 1948. 
1951, 1952, 1953, 
1957, 1959, 1962, 
I'JIiB, 1972, 197;), 
1974, 1979. 1981, 
1989. 
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Normal drought 1902, 1907, 1912, 
(25 - 25%) 1913, 1923, 1928. 17.97% 
1932. 1935. 1938, 
1941, 1944. 1947, 
1966, 1984, 1986, 
1987. 
Severe drought 1905, 1918 2.24% 
(50 - 75%) 
SOIL TYPE OF THE AREA 
The soil snrvny "f thn a rm wnR cnrrlnd out by thn 
department of Agriculture, Govnrnmont of Uttar I'radosh In the yt^ar 
1953. In a l l , three types nf soils have been reported pertaining 
to three distinct physiographic units of the basin (fig. 7) which 
are as under: 
1. Sandy loam 
2. Sandy loam to loam 
3. Loam to clay loam 
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1. Sandy Loam : 
The low valley of the ganga is underlain by sandy to si l ty 
loam, which this tract receives year after year because of 
overflowing of the Ganga during flood season. 
Gonernlly, the dnpnsit IR nf fillfy nnfiirn with vnfyliig 
colour from light grey to ash grey. The soil is Immature and has 
sandy to s i l ty loam texture. 
Consequent to shallow groundwater Invn] salt nfflornKonco 
appears to be common feature of the entire tract which are locally 
called as user (wasteland). Generally, the soils are alkaline In 
reaction with a pH usually above 8. The soil profile consists of 
numerous Immature stratified layers of younger soils which deposited 
over one another during the flood periods of the r iver Ganga. Those 
soils have lowor rosorvos of llmo, iiiagnosla and Iron. Tlie presence 
of lime saves the soil from becoming completely sa l in l /ed . 
2. Sandy Loam to Loam Soil : 
This soil type covers the major portion of the upland 
t rac t . The soil varies In colour from light brown to dark brown 
and the texture of the soil is sandy to good quality loam. 
Generally, the surface soil to a depth of 20 to 25 cm is well drained 
soil and contains looso loam that can easily bo ploughed and 
cultivated. The soils are more leached than the other soil of the 
area. The percentage of lime content is low and magnesia is every 
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whnrn innrn ttinn llin lliiin. Ihn cnlcnrnonn nndiilnn ticciir nlmunl 
everywhere In the sub-soil . The pH ranges between 6.2 to 6.8 
3. Loam to Clay Loam : 
A small portion of the area botwoon Charrah and tho loft 
bank of the Kali r iver are covered by this soil . This is a sticky 
and generally clayey loam to lonm in toxturn. Tho cnlotir vnrioR from 
grey to dark grey tending to black when moist. The tract is 
underlain by thick pan of calc concretions occurlng in mild cases 
in the form of nodules which at places cement together forming a 
stiff impermeable belt in the bottom layers . The percentage of clay 
decreases with the increase in depth which shows an ideal example 
of water logged soils where the impermeable sub-soil horizon does 
not allow the translocation of even the finest clay par t ic les . Due 
to poor drainage, the soluble sodium sal ts are deposited on tho 
surface in the form of salt efflorescence ( r e h ) . The pM value of 
the soil ranges from 7 to 9. Iron and Alumina remain stationary 
and magnesia is l i t t le in the entire profile (Agrawala, et a l . 1953). 
Land use pattern in the Ganga-kall Sub-basin 
The s tat is t ics pertaining to the land use pattern in the 
Ganga-kali sub-basin is given in (Table 3 ) . 
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Table 3 : Land use pattern in Ganga-kall Sub-basin (In hectares) 
Area Forest Culti-
vable 
waste 
land 
Present Barren Land Pas-
fallow 
land 
Land Net Area 
uncul 
t iva-
ble 
land 
under tures under area sown 
non 
cul t i -
vated 
use 
misce sown more 
Ua-
neous 
trace 
nnd 
groo-
ves 
than 
once 
134000 127 60,81 34.27 58.52 143.57 5.85 3.90 104250 81728 
The perusal of table show that out of total area of 134000 
hectares, 77% of the area is under cultivation of which 78% is sown 
more than once. Only 0.09% of the total area Is covered by the 
forest. Rest of the area is covered by the barren and uncultivable 
land. 
Wheat, peanut, potato, groundnut and sugarcane are the 
irmlor wlnlnr croprt. Miil/.o, iiilllitl, luid rlco mo Ihii hii|)(irliiiit ciopti 
which is cultivated during the summer. 
With the advent of the high yielding var i t ies of wheat 
and paddy the crop pattern Is grndnnlly changing. 'I'lio wlinnt 
dominates the winter crops and paddy and millet as the summer 
crops. Dosldo it groundnut, i)otnto and sugorcnno bolng cnsh ci-ops 
have started attracting the farmers in the area. 
PIE DIAGRAM SHOWING WATER 
UTILISATION PATTERN ^^ "^^  " « 
- | ^ Surtce water Groundwater 
PIE DIAGRAM SHOWING GROUNDWATER 
USE IN THE STUDY ARE A 
Domestic Irrigation 
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Water Use Pattern in the Area 
Groundwater, is an Important source of water supply which 
Is basically a rnnnwnblo rnBniirnn, but thn vnhmin of wntor mny 
vary greatly from place to place depending on the climate, regional 
hydrogeology and rate of groundwater use for agriculture demestin 
and industrial purposes. The use of groundwater has escalated 
significantUy worldwide since lORO (Fletcher, 1986). 
Out of the total water resources of the Ganga-kali sub-
basin, 19.8% is derived from the surface water source and 80.2% from 
the groundwater source (figure Ba). The Anupshaher branch of the 
upper Ganga canal and Farukhabad dis tr ibutory of the lower Ganga 
canal supply the surface water for irr igations mainly for Ganga-Nlm 
interfluves known as the eastern upland and also the area lying west 
and south-east of Kasganj town. 
Atlrnhilntrnllvoly, Ihn nliidy m-on \n (Hvldnd Into vnrloun 
integrated developmental blocks and accordingly the water use pattern 
are furnished as below and shown In (figure 9 ) . 
Table 4: Contribution of surface and groundwater for 
irrigation in difrnrnnt blocks (Anon, 1987) 
Blocks Percent area 
irr igated by 
surface water 
5.0% 
35.17% 
26.84% 
12.10% 
Percent area 
irr igated by 
the Groundwater 
9r>% 
G4.B3% 
73.16% 
87.90% 
Atrauli 
Bijauli 
Gangiri 
Kasganj 
Avorago 19.80 80.20 
CD 
O 
u_ 
U . 
2^y o Q!5o 
3 > CD 
1— u: T^uj 
cnct: Q cr 
en < r ^ 
^ . JLL 
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Estimates of groundwater use of the Kali basin show that 
out of the total groundwater withdrawn i . e . 169 M.C.M. 85% is used 
for irrigation purpose and roiriaining 15% is used for demestic purpose 
(figure 8b) . Water used for rural supply also includes water for 
l ivestocks. 
CMAPTFR III 
GHULO(JY 
PhyRinRrnphlrn l ly , tlin liuHnn Ruh-nnntiiinnt hnB linnn 
divided into three distinct units v i z . , Peninsular shie ld . the 
Himalayas, and the Indo-Gangetic plain (Fig. 10). 
Peninsular shield is composed of geologically ancient 
rocks of diverse origin, most of which have undergone much crushing 
Qiid motnriiorfJhlfim. Slrticturnllv, Din rnnhiniiln rnpfonnnln n ninhjn 
block of the earth crust which has remained unaffected by mountain 
building movement since close of pre-cambrian era . 
The Extra-Peninsula or the Himalayas is a region of 
folded and overthrust mountain chains of about 65 million years old. 
Their curvilinear structure is very s t r iking. They consist mainly 
of circular arcs which nrn coiivnx lowiii-dn lUinhinnln l .n. towmdH 
the rigid crust against which they appear to have been thrust 
(Krlshnan, lOfiM). Thntigh thn ITxIin-I'niiinKtiln coiitnJiis soiiin vfiry 
old rocks, is predominantly a roglnn In whinli sodimonts woro laid 
down in a vast geosyncline continuously from the Cambrian to early 
Tertiary age. 
Apparently, the Himalayas foot h i l ls are separated from 
the northern border of IncHan Sliinld by a vast i)lnln known as Indo-
Gangetic plain, covered by the Quaternary alluvium which forms the 
major unit in the geology of the Indian sub-continent, it Includes the 
• a n -
Sreat alluvial tract of the Ganges, Brahamputra and Indus covering 
an area of 85,0000 square kilometre {Krishnan, 1968). 
The Indo-Gangetlc plains are broad, monotonous, lovol 
expanses built up of Quaternary alluvium, through which the r ive r s 
flow sluggishly towards the seas . The Gangetic alluvium effectively 
conceals the solid geology of i t s floor. 
f 
Earlier, there has been much speculation regarding the sub-
surface geology of the Indo-Gangetic plains . The plumb line deflection 
and gravity data obtained by Survey of India, were too meagre to give 
any concrete indications of the sub-surface geology. However, with the 
advent of geophysical exploration in these plains about five decades 
back, a fairly large volume of data indicating the nature of sub-surface 
geology" and structure has been obtained which was further substantiated 
by number of deep exploratory wells dr i l led in these plaire by Oil 
and Natural Gas Commission. 
Although, the Indo-(;nnRotic plain apfjonrs as one vast 
s t retch from one end to other geologists have held for a long time the 
opinion, that the floor of this plain is iint an nvnii orin hut tlinrn am 
hidden ridges and depression which lies under llie alluvium (Kao, 
1973). 
The term "ridgo" as applied to tlio structural features of 
the Ganga plains refers only to the linear aeromagnotic anomalies and 
nhoi ih) not l)n u n d o r n h i o d hi Ihn iKiniiul tiniuut nl Ihn h u i i i . Tiituiti iiilHhl 
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have formed important topographic dividos at tho time of Vlndhyan 
deposition, but subsequently peneplalned, and the overlying Siwaliks 
occur with nearly uniform thickness across the r idges . Similarly the 
word "basin" applied to areas between these ridges should not be 
understood ns rnprORniitlng truly Ryncllnnl (ln|)rnRHl()ii {Knrunnknniii ot 
a l . , 1976). 
The most important basic data regarding the basement 
configuration and sodiiiiontary basin of tho Indo-Cinngotlc plains nro 
provided by Agcos, (1957). Basement depth contours for the whole 
of Indo-Gangetic plain have also been computed by aeromagnetic data 
which show that sedimentary section sometimes even exceed 833 metres 
thickness towards the northern part (Agcos, 1957). 
The maximum depth to the basement indicated in seismic 
surveys In all those plains is about G kiloiiiotros. 
The Indo-Gangetic plain can broadly be divided into the 
following basins (Fig. 11). 
1. Indus basin of I'aklslnii 
2. The Punjab basin 
3. lU'uhuiiipuli'u hitHhi 
4. Bengal basin which also includes Bangladesh 
5. Ganga basin. 
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1. Indus nosln 
The largest part of Indus basin l ies In Pakistan. It is 
filled up by sediments extending back In age from Permo-Carbonlferous 
to Quaternary and possibly also by Vlndhyans remnants which are found 
in western Rajasthan (Krishnan, 1968). The basin is 6000 m deep. 
A large thickness of Tert iary and Mesozoic Sediments have been met 
under the alluvium. This thick marine sequence has thinned out 
towards Rajasthan Platform. 
2. Punjab I3a8in 
The Archean basement rocks e i ther outcropping or occurlng 
under moderate thickness of alluvium in Lahore-Sargodh area separate 
the Indus basin in the west from the Punjab depression in the east . 
The Seismic survey by the O.N.G.C. (Datta et a l . , 1964) has indicated 
that the basement surface as well as sediments below the alluvium 
gontly dip towards tho foot h i l l s , liowovor, tho l)nsomont bocoiiios 
deep as foot-hills are reached with corresponding increase in the 
thickness of sediments. Tho maximum depth of bnRnmont is A.T) km 
(Datta et a l . , 1964). 
3. The Brahamputra Basin 
The Brahamputra basin of Assam may be divided into 
western and eastern part lying In hntwnnn Riilllnng nnd Mikir hi l ls and 
the Himalayan foot-hills has been nnmod as "Nnrthnni Shlllnng Shnlf". 
- 3 0 -
The eastern part lying In between Naga Hills and the Himalayas has 
been named as "Assam Shelf". The western part Is shallow In most of 
the southern portion and near the foot-hills the sediments, mainly the 
equivalent of Siwaliks attain appreciable thickness . The gravity data 
indicate steep dip of basement to the north (Ratnam, 1963). 
The Ganga Basin 
The Ganga basin is the most extensive in the area and 
comprises more than half of the total Indo-Gangetic Plain. The plain 
is a great long sedimentary area, flat and monotonous which is drained by 
the r iver Ganga and i t s t r ibutar ies . 
The western margin of the basin is limited by the Middle 
Proterozolc Delhi-Hardwar ridge and the eastern margin by the Monghyr-
Saharsa ridge of Satpura Metamorphics. To the north, the Ganga basin 
is limited by outer most Slwnlik foot-hillR nf tlin [HinnlnyaR bnunfind 
by ser ies of reverse faults. Along the southern fringes of the basin 
Bundelkhand granite, Delhi and Upper Vindhyan group of rocks are 
exposed. 
In Uttar Pradesh and Bihar Plains lying between Delhi-
Hardwar and Monghyr-Saharsa sub-surface r idges , the Vindhyans of the 
Peninsular Shield can be followed upto foot-hills into Sarda and Gandak 
depressions (Karuna Karan et a l . , 1976). The Ganga basin represents a 
large scale regional depression on the northern margin of the Indian 
PlnlfoniiR nnd IK r:f)nRldnrnfl as Rupnr ortlnr r^runtnl Rlnicturn of iingntlvd 
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character most probably forming a northorly continuation of Vlndhyan 
syncllse (Sastri , 1971). The deep bore hole data obtained from Ujhanl, 
Tilhar , and Puranpur suggest the northward continuation of upper 
Vlndhyan sediments into the Ganga basin. 
ORIGIN OF THE GANGA BASIN 
As regards the origin of the Ganga basin various sliados 
of views are there , some of which are as follows. 
It was interpreted tu be a luredeep (Suoss, 1904-1924) ur 
n groat rift valley (Durnrd, 19ir)), filled up with alluvium of thicknoRR 
4.5 km (Oldham, 1917) to 20 km (Pascoe, 1964). 
According to Krishnan (1968) the Indo-Gangetic alluvial 
trough is a region whose origin and structure are closely connected 
with the formation of the fllmalayas. He suggested that the Gangotic 
plains owe i ts origin to a sag or depression which has been formed 
by buckling down of the crust In obedience to proBsuro oxertod on the 
borders of the Peninsula by compressive forces. Valdiya (1982) 
Interpreted it as a resultant effect of sagging of the northern flank 
of platform around the Bundelkhand shield following the main episode 
of the Himalayas orogeny. The depressed platform became the si te 
of sedimentation by vigorous fluvial agencies predominantly from the 
newly risen Himalayas. 
F(G.12 
MAP SHOWING CONTINENT-CONTINENT COLLISIO OF INDIA 
AND ARABIAN PLATES WITH ASIA (After, RgadingJ986) 
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Canser (1964) has emphasized that the Gangs basin in front 
of the Himalayas does not represent a sediment filled foredeep but tlie 
depressed part of the peninsular shield which is in all l ikelihood, 
faulted against the outer llimalayan front. 
According to Dickinson (1974) major sedimentary basins 
developed between fold-thrust belts and the craton, over which the 
mountain belt is thrust . "We call these basins fore-land basin, ra ther 
than fore deeps" (Mlall, 1981; Rally, 1981). Foro-land basins are 
asymmetrical, and deepest near to the fold thrust belt; they migrate 
towards the fore-land and have resulted from down-ward flexturing of 
the l i thosphere by over-riding fold thrust belt (Beaumount, 1981). 
Dickinson (1974) considers the Indo-Gangetic trough as the 
most Impressive. Present day peripheral fore-land basin (Figure 12) 
formed as result of continent-continent collison between Indian and Asian 
p la tes . The basin has developed on the under thrust Indian plate and 
duo to loading of thrust Khnols In Illmnlnyns (.(luslng n visconlant Ic 
flexture in the crust allowing sediments to accumulate under fluvial 
process . 
According to Singh (1989) the Gangetic plain is part nf 
active fore-land basin (per iphera l - type) developed on the under 
thrusting Indian plate, in response to the thrust fold belt loading in 
the Himalayas. Further, Singh and Ghosh, (1980) and Singh (1f)89) 
opined that during thrust-fold loading tentonicR in the Himalaya, tlin 
Son-Narmada lineament much to the south of the fore-land basin was 
FIG. 13 
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reactivated, ' causing uplift of Bundelkhand-Vindhyan plateau and 
development of northerly slope (Fig. 13). 
The rate of subsidence of the old, rigid and cold crust 
ul' J i idlun n h l t i l d wan uhio low uiiil nodliiidnl l i ipnl by tlv/<un h l u l i , fio 
that no marine transgression of Neogene-Quaternary time could enter 
into this fore-land basin. The deep drill ing data of the O.N.G.C. 
i s contrary to th is view of Singh, as the deposits of Neogene sediments 
are reported from all over the Ganga basin (Sastri , 1971; Rao, 1973). 
TECTONIC FRAMEWORK OF GANGA BASIN 
Tectonlcally the Ganga basin may bo divided Into tlio 
following Bub-dlvisions (Fig. 14). 
1. Monghyr-Saharsa FUdge 
2. East Uttar Pradesh Shelf 
3 . Gandak Depression 
4. Faizabad Ridge 
5. West Uttar Pradesh Shelf 
G. KasganJ-'l'nnakpur S[)ur 
7. Ram-Gnngn nnprnsRinn 
8. Delhi-Hard war Ridge 
1. Monghyr-Saharsa Ridge 
It trends in northwest direction and denotes the 
sub-terranean continuation of Satpura orogenic bolf of Chota-Nagpur 
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plateau. It marks the eastern bounding limit of the Ganga basin. 
2. East Uttar Pradesh Shelf 
It is delineated by Monghyr-Saharsa Ridge to the east and 
Faizabad Ridge to i t s west. The outcropping Vlndhyan of Son valley 
and the granitic basement form the southern border of th is zone. This 
shelf merges to the north into the Gandak depression. The basement 
here is assumed to be the continuation of the Bundelkhand massif, 
overlain successively by Vlndhyan, Neogene and Quaternary alluvial 
sequences. A major north easter ly trending fault, with a down throw 
to the southeast is traced from near Sahasram in south west through 
Muzaffarpur upto Nepal border . It is probably northward extension 
of Narmada-Son Lineament (Srlvastava, 1983). 
3. Gandak Depression 
This doproHsloii is bonndnd to tlio woRt by I'ni/nbnd Rldgo 
and to the east by Monghyr-Saharsa Ridge. Here the thickness of 
sediment Is considered iiiuie liiaii (jUOlJ IIIBIIBS. 
4. Faizabad Kldge 
The Bundelkhand Massif occupies the central part of the 
Vindhyan Basin. The north eastern extension of this Massif in the 
sub-surface is known as the Fnlznhnd ridgo. This ridgo has plnyod 
a significant role during the deposition of the Vlndhyan sediments 
(l<'ig.l4). 
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I ' U i l l i n r Ihn t l l n l i l l ) i i l inn o f t l in V l n i l l i v i n nndJii inii ln nnnl 
and west of th is ridge In the Ganga basin shows that the ridge has 
been a oositive area throughout the sedimentation during the Vindhynns, 
dividing the basin into the eastern and western shelf (Srivastava et 
a l . , 1983). . 
5. West uttar Pradesh Shelf 
The Western Uttar Pradesh shelf may be divided into two 
sub divisions, namely, the area to the east of the Moradabad fault 
and the area west of i t . The eastern part of west Uttar Pradesh shelf 
which lies between Moradabad fault and western flank of Bundolkhand 
massif i s one of the most well studied area of the Ganga basin. Not 
only the magnitude of ground-magnetic, gravity and detailed reflection 
and refraction slesmic surveys are more, but the area has boon 
oxplored by two dnnp nnrl fniir RfninliirnJ wnllR by Ihn D.N.G.n. Thn 
dri l l ing data show that the Upper Vlndhyan direct ly overlies the 
Dundelkhand granite which is In turn nvorlnin by Nnngono RO(iunncns 
that is Slwaliks, t 'urthnr, fhn uppor SiwnUks fs ovnrlaln by the 
Quaternary alluvium. 
This west Uttar Pradesh shelf is traversed by the Groat 
Boundary Fault which separates AravalHs from the Upper Vindhyans. 
This fault Is a steep dipping reverse lault with a tlirow of 1!3UU m 
towards South-oast, trannnbln for mnrn than SOU kllnmntrns from 
Chlttorgarh to Agra with a NE-SVV direction in the northern par t . 
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becoming almost N-S In the southern par t , along the arcuate eastern 
flank of Aravalli folded bolt {I'lg. 15). The gront Houndary fniilt 
continues north-eastwards and joins the Badaun Fault and further extends 
to Tanakpur close to the Himalayan foot h i l l s . 
The Moradabad Fault which also trends in NE-SW is 
considered to be an offshoot of the Great Boundary b'ault. 
Besides, these longitudinal faults various transverse faults 
of varying ages are also found to impress upon the s t ra t igraphic 
sequences, some of these may be the resultant of tho most violent third 
phase of the Himalayan orogeny. (Fig. 16). 
In the western Uttar Pradesh Shelf, the basement and 
sedimentary cover of Upper Vindhyan and Neogenos, (Slwallks), wore 
cr ls-crossed by the longitudinal and transverse faults, generating 
thereby an uneven configuration of the sub-surface topography. 
Sards Depression 
It roprosoMts tho noitlioin pari ol tlio WOKI IJllar I'radoKh 
n h n l f ffoiii w h i c h II In I t i c l o n l c n l l y dlf-.l liifi'ilnluKl im l l in b n n l n (if 
inferred sedimentary thickness of more than 60(10 m and by NW-SR 
trending s t ructures . The large thickness of sediments in this 
depression may Include part ly the Mesozolc and Paleogene besides the 
Vindhyan Neogene and Quaternary Alluvium (Sastrl et a l . . 1971). 
CD 
d CO oo 
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UGilil-llardwar iUdgo 
Represents a north-north-eastward extension of Delhi folded 
bel t . The western limit of Ganga basin is probably delimited by Delhi-
Hardwar Ridge and the oldest sedimentary sequence in the basin namely 
upperVitidhyans, gradually thin out towards this Ridge. 
Kasganj-Tanakpur Spur 
It is northern extension of the Badaun arch in the Ganga 
basin. This spur marks the eastern limit of Aravalli hors t . Eastern 
edge of this spur coincides with the sub-surface extension of the Great 
Boundary fault (Raiverman et a l . 19R3) of Rajasthan which soparatos 
the Aravalli rocks from the Vidhyans (Fig. 16). 
Slin-SURFACR GHOI.OfiY OK TIIH AHI'J^  
The study area lies on the Kasganj-Tanakpur spur, eastern 
edge of this spur coincides with the sub-surface extension of the Great 
Uuundai'v I'uull wlilcli Hupiiiiilc'i tlio (uii'lv I'rolnro/.olc Anivalll rockn 
from the upper proterozolc Vindliyan rocks In Rnjasthan and beyond. 
The geophysical surveys by the f).N.(i.n. linvn dnliiinntnd nn nnticlinni 
structure below the unconformity (between the upper Vindhyan and 
overlying Siwaliks) at Kasgan] nnri Iljhani (I>'ig. 17 (i 1») under a cover 
of liomocllnically dipping SlwallkK. 
The tentative basement depth contour of the upper Vindhyans 
for the Ganga basin have been prepared from the available seismic 
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riata by (Harl Narain nt a l . . 1007). Thn map (FiRiirn IR) In 
general, shows that the basement Rradually slopes towards north 
and deepest part gradually lies close to the Himalayan foot h i l l s . 
A large number of horst and graben structures within the Vindhyans 
have been mapped by seismic method which have been responsible 
for the abrupt variation in tlin thicknoss of Vindliynn sndlmnniR 
in the Ganga basin. Further, the sub-surface s t ra t igraphic 
information obtained from deep and comparatively shallow structural 
wells dri l led by the Oil and Natural Gas Commission in the Ganga 
basin has Indicated the presence of Vindhyans below the Siwalik 
sediments. The gonphysical and drill ing InvoRtlgntlon carried out 
by Oil and Natural Gas Commission, have yielded s t ra t igraphic 
informations pertaining to the sub-surface geological framework which 
are as follows. 
Table : Vindhyans in Ganga Basin 
Wells Depth interval Thick-
(m) ness 
Age 
Kasganj structural 
Ujhani deep well 
Tllhar 
Puranpur 
620 • 
1010 -
1718 -
3174 -
- 1250 
• 2062 
• 2225 
• 4235 
630 
1052 
507 
1061 
Upper 
Upper 
Upper 
Upper 
Vlndhyan 
Vindhyan 
Vlndhyan 
Vindhyan 
oo 
6 
CM 
CO 
CD 
c 
o 
o 
z 
1— 
o 
X 
v _ 
< 
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Ba8Gd on tho dr i l l inR flntn, snntinnR wnro p ropnrod niul 
t h e s t r a t l g r a p h i c cor re la t ion of the Vindhyan rocks and t h e i r 
oqu lva lon t s in tho Gnngn bnsln nro shown. ( F i g . 19) 
The figure shows that in KasgnnJ s t r u c t u r a l well tho u p p e r 
Vindhyan Is encounterpd at a dep th of 620 m which comprlROR 
limestone- s ands tone - sha l e sequence with l a y e r s of a n h y d r i t e . The 
s iwa l iks (midd le and uppe r ) unconformably o v e r l i e s the u p p e r 
Vindhyan and a t t a i n s a t h i c k n e s s of 260 m (620-360 m) which i s 
in turn over l a in by the Quaternary sed iments (0-360 m) . F u r t h e r , 
in a deep well at Ujhani d r i l l e d down to the dep th of 2062 m, the 
s t r a t l g r a p h i c sequence of va r ious geological formatlorP a r e as unde r . 
Sequence of Geological Depth range 
formations (m) 
Th ickness Age 
Quaternary sed iments 0 - 5 1 0 
iiiicoiiforiiil IV 
510 Quaternary 
Siwa l ik s 
(Middle 0 Upper) 
510 - 1018 508 Neogene 
-unconformity-
Upper Vindhyan 1018 - 2062 1052 Upper 
p ro t e rozo ic 
-unconfnrmity-
lundelkhand 
r a n l t i c basement 
•7 2062 Upper 
Archean 
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In Ujhani, the upper Vindhyan comprising Quartz-wacke 
Quarts-arenite, dolomltic limestone, shale and limestone from bottom 
upward, direct ly overlies the Granitic basement. The s iwal iks 
unconformably overl ies the Vindhyan and is further overlain by the 
Quaternary sediments. Further, the Upper Vindhyan 
Umestone-sandstone-shale sequence is the same at the Ujhani as 
was met in KasganJ structural well. 
The upper Vindhyan nttnins n maximum thicknoss of inr)2 
m at Ujhani deep well, down to the basement. Further , the 
thinknoRH of nppnr VlndhynnR, Nnnqnnn RlwnllkR and thn CJuntnrnnry 
sediments gradually increasoR due north and perhnpR attain thoir 
maximum thickness close to the Himalayan foot h i l l s (Figure 19). 
In the light of the above discussions the s t ra t lgraphic 
sequence of the various geological formations from Archoan through 
upper Proterozoic to Quaternary are as follows. 
Quaternary Alluvium Alternate layers of sand and 
clay with intorheds of cnlc-
nnncrntlnnR. 
-uiicunluniilty-
Upper Siwaliks 
Middle Siwaliks 
(Neogenes) 
Coarse to medium sandstone with 
variegated claystono and 
occasional carbonaceous s l roaks . 
-unconformity-
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Uppor Vlndhyaii 
(Upper Prolorozoic) 
-unconformity-
(iif;niilsli-«rovtl('l<'"iltl(: Lliiiosloiio 
Koddisli-brown arglllQceous 
Limestone. Quartz-wacke, Quartz-
arenite. 
Archean Bundelkhand granite basement 
It appears from the above sequence that on the eroded 
surface of the bafiomont, Upper VlndliynnR wnro dnposltod RomotlmnB 
during the upper Proterozolc era, Thoroaftor, they underwent 
Post-Vindhyan faulting and erosion since Cambrian to lower Miocene. 
During this long span of tliiin (3n(:ompn»nlng nboni HOD M. yonrn, 
the Vlndhyan topography was rndnrnd to nlmnst pnnnplanntinnR and 
on the eroded surface of upper Vindhyan the s lwal iks were 
dopoBllod, which wiis hillowud l)y tho doponl lion of CJuoloiiwiry 
sediments. 
This Ouatornnry doi)()sltR linnhuJ u|) all tho oarllnr 
depressions through the rapid sedimentation giving thereby a broad, 
monotonous level expanses, which is the present Ganga basin. 
Thnrn a m In a l l , thron unrnnfnrmlUps. Thn first lins 
between the Bundelkhand granitic basements and the upper Vindhyan, 
,lho sncond l)nlwnnn tho \\\)])nv Vlndliynnf. and Iho Noogono Slwallkn 
and the third though indistinct lies between the Siwaliks and 
Quaternary deposi ts . The indistinct nature of the Siwaliks and tho 
Quaternary sediments are due to the broad llthologlcal s imi lar i t ies . 
Moreover the velocity data obtained by the seismic survey do not 
make unconformity very dist inct . 
CHAPTKR IV 
HYDROGEOLOGY 
The Ganga basin forms one of the most potential sroundwater 
provinces of India (Pathak, 1978) of which the s ta te of IJttar 
Pradesh forms an important par t . The state of Uttar Pradesh has 
been divided into five hydrogeological units v iz . Intermontane valley 
I I U B , Po ld i i iu i i l uv l ih i ib i i f / one ) , Tmi i l / .nun, Cni i tr i i l (IIIIIHM I'l i i l i i mid 
the Southern marginal plains (Fig. 2(1). These hydroRooloRinal units 
form the great repository of ground-water and hold most potential 
aquifer in the s ta te . 
Intermontane Valley : 
"Doon Valley" is the most prominent intermontane valley 
in the state which Is a spindle shaped tectonic valley stretching 
along the central port of Dnliiadun District and bnidnrod l)y InsRor 
Himalayas in the north and the Siwallk ranges in the south. Tlio 
valley is underlain by unconsolidated sediments comprising boiildnrs, 
pebbles , cobbles and gravels of various sizes with intercalations 
of sands of various grades and l i t t le clay. Groundwater in the valley 
generally occurs under the water table and only at places under 
confined conditions. The stat ic water level in the tubewells ranges 
from 22 meters to 76 meters below the land surface and discharges 
3 
180 m /hour for draw flown varying from .07 to H.4 iiinlrnR. 
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lihabar : 
The Bhabar belt s t re tches parallel to the Himalayan foot 
h i l l s due south upto the spring line. The general width of belt 
ranges from 10 to 30 kms. The Bhabar belt is composed of Peidmont 
deposits formed by lateral coalesence of fan deposits of innumerable 
streams emerging out of the Himalayas, Lithologically it comprises, 
boulder, cobbles pebbles and gravels mixed with sand. Groundwater 
in these deposits Is mostly unconfined and water table is generally 
deep being 30 metres or more below land surface. Perched water 
bodies are of common occurrence. 
3 
The tubewells yield varies between 97 to 227 m /hours 
for draw down varying between 2.7 and 9.7 metres. The hydraulic 
conductivity ranged between 15-250 m/day. 
Tarai or Wet Land Zone : 
'I'lu) d()()|J walor tiil)l() iil thn loot hlllM ciilH tlio land 
surface and gives r ise to the series of springs hence this zone Is 
called as wet Innd zone nr 'Inrni zone. 'I'lin R[)rliig line dofinns 
the northern limit of Tarai, while i ts southern limit imperceptibly 
merges with the central Gangn plain. Tliis is about H in KJ kms. 
wide and runs parallel to Bhabar zone. The belt is characterised 
by predominent clayey sediments with intercalated beds of sands 
and gravels with frnqunnt frno flowing conditions. Thn plnzomntrin 
head in the fallowing wells of tills zone varied bolwoon (i.GO and 
8.90 metres above the ground level . 
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Central Gariga Plain : 
Southern limit of the Central Ganga plain is fixed by 
Yamuna and i t s confluence with Ganga stretching from west-north-
west to east-soutli-east, this sub-zone covers major part of the state 
encompassing the Ganga-Yainuna intcrfluves and contain several 
potential aquifers down to the bed rocks. Tlie Quaternary alluvium 
consists of gravels and sands of various grades, s i l t , clay often 
intercalated with calcareous concretions in varying portions. The 
aquifers are generally lenticular in nature and there are rapid 
alternations and gradations between granular and clayey horizons. 
The near surface groundwater occurs under unconfinod while deeper 
aquifers generally contain water under semi-confined to confined 
conditions. 
Marginal Alluvial Plain: 
This sub-zone lies between central Gnngn Plain and the 
region occu[)lod by ihindolkluiiul ginnllo and tbo Vhulliynn g r o u p 
of rocks. Alluvium with i ts limited thickness is composed of clay 
mixed colcnroouB concintloiiH, KIH nnd RMIUIR of vfu-hiuR grndoH with 
occasional gravel . Groundwater in this belt occurs under unconfined 
to confined conditions. The Piezometric surface in the tubewells 
generally ranges from flowing conditions to 20 mntroB bolow ground 
level . The discharge of tubewells varies between 60 to 240 m /hour 
for drawdown from 3 to 1 fi iiintrnR. rhn trncl liohln [)romInn for 
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groundwater development on moderate scale. The study area i . e . 
Ganga-Kall sub-basin is a part of GanRa-Yamuna interfluves which 
lOriiiH n pnrl of Ihn Cniilfnl d'niiKfi plnln. 
The r iver Ganga which is the principal stream of the Ganga 
basin has givon r ise to various a(^ulfor typos through i ts varying 
flow roglmoR during thn 0.(1 Mn. 
EVOLUTION OF AQUIFERS : 
The evolution of aquifers in fluvial system is dependent 
upon the hydrodynamics of the flow regime, geology and topography 
of the terrain, leading to the terrigenous clast ic deposition system, 
which are typically represented as the channel, flood plain, and 
back swamp deposi ts , 
Channel Deposit : 
The typical channel deposits of the r iver Ganga as 
observed in the study area from bottom upward comprise coarse 
Band iiilxod wil l) gi-ovnl tlit'ouKli inodhiin to Miio Blind to s i l t iind 
finally capped by a thin clay layer at the top. This top clay 
and some fine sand layers are washed away during the succeeding 
flood period and a fresh body of sand with the fining upward 
sequence la dopoaltud uguln oucli yoiii' during Ihu flood, loniilng 
thereby a reasonably thick terrigenous clastic deposits t i l l the r iver 
changes i ts course due to some tectonic control through convulsion. 
- 5 5 -
These thick bodies of sand form the potential reposi tories of ground 
water or the most potential aquifers. 
Flood Plain Deposit : 
During the flood season when the flood water overflows 
the banks, medium to fine sand bodies of moderate thickness and 
limited areal extent are deposited over the flood plain. These 
lenticular bodies of sand form the moderately potential aquifers 
in comparison to the highly potontlal aquifora of the channol 
deposi ts . 
Back-Swamp Deposit or Oxbow Lake Deposit : 
The flood water, further moves down the slope, to the 
low lying areas where it is left predominantly with the suspended 
materials which get settled under the influence of gravity and form 
a lensoid body of sand which Is furtlier overlain by the s t i l l finor 
(jJiifillcH l .o. clay. 1 huii llimo occuid micliivitti ol mind hodhm 
intercalated within tho underlying nnd nvor-lying thick clay bods, 
Siinh hnrl inn of Rniul fonri fhn Uiw fx i l nn t in l rupi l fn i -n. ThnRo fuiuHni 'n 
are typical representat ives of back swamp environment or Oxbow 
Lako onvlrumiionl. 
Thereafter, the r iver changes i ts course under tectonic 
control through convulsion or some other factor like earthquake etc . 
Thus with the passage of time, the position of channel, flood plain, 
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and back swairip deposits also continue changing. That is why we 
do not get continuous body of sand or clay except under certain 
extraordinary situation in a single d r i l l hole. The above 
lithological variations are at t r ibutable to their mode of deposition 
by the constantly shifting nature of the r iver Ganga. 
The Ganga fluvial system which has gonoratod vnrinvis 
aquifers in the area are as under :-
a) The channel deposits are thick bodies of aquifers of infinite 
areal extent, hnnco form most potnntinl ground wntnr roRnrvoir. 
b) Flood plain deposits giving r ise to the lenticular type of 
aquifers, limited in thickness and areal extent and are only 
moderately potential. 
c) Lensoid bodies of sand occurring as enclaves or str ingers 
within the thick clay bed, generally form the low potential 
aquifers often with tho (quality problems. 
We find that in a thick (wnnga alluvium, the complexes 
of the channel, flood plain, and back swamp faclos reappear several 
times in a well dri l led at plncos In tho area. Tluis tlie terrlgonous 
clastic depositional system of the r iver Ganga in the area of study 
is an index of i ts complex hydrnrlynnmin rnglmn which gonnrntnd 
various aquifer in great Ganga plain. 
/ 
Aquifer Geometry : 
A fence diagram (Fig. 22) based on the lithological logs of 
the boreholes dr i l led by the State Tubewell Department has been 

•r.7-
proporod. DosidOB it , fiyo hydruHnoloRlcnl croRR-Rontlona vworo nlRo 
prepared along line A-B, C-D, F-F, G-H, and I-J (FiR. 23). The 
location of these lines are shown in Fig. 21 . 
Thn fnnnn rilnRrnm rnvnnlR thn vnrtlnnl nnd Intnrnl 
disposition of aquifers, aquiclude and aquitard in the study 
area down the depth of 15U metre b . g . l , A perusal of fence 
diagram shows that in all there occurs two to th ree- t i e r aquifer 
system down to the depth of 150 m . b . g . l . 
By and large these aquifers appear to merge with each 
other and behave as a single bodied aquifer system. Further, the 
granular zonos compriRing iiindliim to fhio grny micncnouR Rnnd, 
occasionally mixed with coarse sand and gravel form about 80 to 
90% of total formations encountered, part icularly in the eastern part 
proximal to the Ganga r ive r . There, the granular zones attain 
maximum thickness and appears to be the channel deposit of the 
r iver Ganga. It is also confirmed by the section G-H which RhnwR 
that the clay beds occur simply as a lonsold body. 
I'roiii oast to west dlroctloii tlio clay bods gradually stfirl 
attaining thlcknnsR nntl occur in inpnntnd nllorrintlon with thn 
granular zones. The percentage of granular zone is around 50 to 
60% and it appears to bo the flood plain deposit . It Is 
substantiated by the section A-B which shows alternate sand and 
clay beds where the clayey horizons gradually pinch out due east . 
Similar position is observed in the central part of the area too. 
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The most peculiar sub-surface hydroReoloRlcal set up is 
found in the western parts of the area close to the r iver Kali, 
where the clay predominates over the sand. The aquifer zones 
occur as lenticular bodies of sand intercalated witliin the thick bods 
of clay. The granular zone here comprise 30 to 40% of total 
l i thounits . These appear most probably as back swamp deposi ts . 
Sand Percent Map 
Rand porcnnt map ( i ' iR . 24) fo r thn fK iu l fn r mntn r in ls 
oncuuntorod down lu Iho doplli ol 7U iii(5ti OH IUIK boon propurud Icj 
identify their thickness and lateral extents . For the purpose, the 
area has been divided into five sand percent zones v i z . ^-20 (2) 
20-40 (3) 40-60 (4) 60-80 (5) >80 percent. The value of sand 
percent varies from place to place in the area, the zone proximal 
to the Ganga r iver shows the granular formations ranging between 
60 to 80% of the total lithological contents. West of the Ganga r iver 
i n the upland ly inR hntwpnn I.nwnr GnnRn rnnnl nnd Nim r i v n r , thn 
zone shows abnormally high percentage (>B0%) of granular materials 
( I ' ' i g . 24 ) , I ' l i r thn r , In thn n t f a l y i ng hnlwofin thn Nlm nnd Kdl l 
r i ve r s the percentage of sand decreases gradually due west, which 
touches the lowest {<2()%), a place at f'usawali close to thn Inft 
bank of the Kali r ive r . Moreover, there is also a s t re tch of land 
occuring along the banks of chliniyn r ivnr nxfnnding upto Atrnuli 
vil lage, where the percentage of the granular zones ranges between 
20-40%. 
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Ilowovor, thoro nro fnw inoro plncos whom tho porcontnRO 
of the granular zones ranges between 30 to 40% of total lithological 
units encountered down to the depth of 70 metres. 
The sand percent map reveals that the granular zones attain 
a maximum thickness of >80% in the tract lying between the Lower 
Ganga canal and Nim r iver , which further extends due south towards 
Kasganj. The percentage of the granular material, in general, 
decreases gradually due west and touches less than 20% marks v i s -
a-vis clayey formations proximal to the left bank of the Kali r i ve r . 
Th i s ; is further substantiated by the fence diagram and through 
the various hydrogeologlcal cross-sections (Fig, 22 fi 23). 
Fine through medium to coarse sand gonoroUy comprise 
the aquifer material in the area. 
Grain Size Analysis of the Aquifer Materials 
I'nrllcln Rl/n of tlin Cnngcitic nlhivlnl (inposltR IR nn 
important textural element as it is related to the hydrodynamlc 
conditions of doposltlnn of the Cnngn rivor syBtniii. 
The most common method of measuring par t ic le size is 
sieving. The process of analysing sediments for tho range sizes 
present, is called mechanical analysis . Tlie purpose of mechanical 
analysis is to obtain graphic or numerical data about par t ic le size 
in a sediment. Size analysis has boon used in dotormining if a 
sand will contain water. 
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The economic development and utilization of groundwater 
resources roqulro nn understandInR of tho fnctorR that govern 
hydraulic transmission of groundwater through an aquifer. One of 
the most important quantitative measure of such transmission is the 
permeability which may be considered as the ease with which water 
flows through a porous medium, and is dependent butli upon physical 
propert ies of the flowing water and character is t ics of transmitting 
medium. In many natural occurrences the lower the physical 
propert ies of flowing water, i . e . viscosity and specific weight are 
practically constant so tlio pormonhlllty may bo consldorod to bo 
a function of the propert ies of medium alone (Masch, 1966). Such 
medium propert ies include the part icle s ize, shape, structure, 
degree of compaction and grain size dis tr ibut ion. 
Many ear l ier workers attempted to relate proper t ies of 
aquifer materlnls to thn trnnRmlttlng nnpnhllltInK of nn nqulfnr. 
Krumbein and Monk (1942) studied the effect of both 
part ic le size and sorting in art if icially mixed sand and expressed 
Ihnir roRultn In lOllowinH r.ninlninpiiiinl nqiintioii. 
K = 760 d^ e"^-^^o-
where K is permeability in darcys 
d = geomotr in mnan d inmntnr 
e = dimensionless constant 2.718 
a~ - the log standard deviation of size distribution which is 
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dimensionless and 760 is a constant for the conversion of 
permeability units to Darcy. 
A correlation between the laboratory permeability values 
and median grain size was developed by Bedinger (1961). He found 
that straight line relation existed between the logarithm of the 
permeability and the median grain size diameter. The result of 
this work revealed that the permeability oxpressod In gal/ft /day 
ranged from 9000 for very coarse sands to about 10 for very fine 
sands. Jhonson (1963) has done experimental work similar to 
Bedinger, his results also were found in very close agreement with 
those of Bedinger. 
Prnunn nnrl Tnrlfl (1963) nttnmpfnd tn rnlntn thn nfinrlfic 
yield to several physical propert ies of sedimentary samples 
Including representative grain size diameter and a uniformity 
coefficient they found that d .. or median grain size was best 
studied as a measure of representative grain diameter. The 
uniformity coefficient used to rioRnrihe the sample was defined as 
follows. 
The result of llils study IniJlcalod iiiiixliimiii value of 
specific yield occurred for d „ between 0.4 to 0.5 mm and the 
specific yield decreased tor the values of d^ out side this range. 
They also concluded that In gnnnrnl specific yield dncrnnRod ns 
the magnitude of uniformity coefficient increased. Studies by Cohen 
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(1963) resulted in findings similar to those Preuss and Todd. 
Masch, (1966) concluded that permeability values 
increase with increasing value of the Md^^ diameter. 
Uma et a l . , (1989) has given a new s ta t is t ical grain 
size method for evaluating the hydraulic conductivity of sandy 
aquifers which is as follows 
K = A d^Q2 
where, 
K = hydraulic conductivity 
A = constant 
d .„= effective grain size. 
Where the value of A is established as 6 for sandy aquifer. 
In the present study, aquifer materials were collected 
from the ovallablo drilling SHOH. n(3Kldim, Band K(UII|J1OB woro HIKO 
collected from the Ganga and Kali bods through trenching and threo 
samples were collected at the interval of 30 cm from each trench, 
la ter on, these samples were mechanically analysed. 
The equipment required for sieve analysis includes a 
small hot plate for drying the samples, a set of standard testing 
sieves and accurate physical balance for weighing the aquifer 
materials. A representative Kample 100-200 grams was taken in 
laboratory by coning and qualering, oven dried and exact weight 
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,poured into the top sieve and covered with l id . The whole nest 
was shaken through electrical sieve shaker for about 15 minutes 
nnd mntnrlnl rntnlnnfl in nncli ninvn wnn nnniirntnlv wnl/^hnd nnd dntn 
obtained were stat is t ical ly analysed (Appendix III A, B Q C). 
Percentage of material passing through each sieve gave a point on 
grading curve. The grading curve (Fig. 25a, b G c) was plotted 
on a semi-log paper and the following parameters were determined. 
Effective Size : The term effective size was developed by Allen 
Hazen (1892) in his studies of filter sands. He defined it as 
par t ic le slzn whom ^^)% of Rnnd is finnr nnrl 9l)% nonrsor. It 1B 
accepted that d _ is the most important parameter among tlioso 
governing tho pormnnbllity propnrtins of n modium (Mnrslly, IflBfi). 
Uniformity Coefficient (Cu) - is average slope of the grading curve 
between 10% and 60% size and is given by 
Cu = ^60 
'^n 
It glvos an Idea of grading of pnrtlcln sizo dlRtr-lbution In tho 
material, lower values of Cu < 2 indicate more uniform material or 
poor grading, higher values indicate well graded material and are 
indicative of lower porosity (Raghunath, 1987). 
- f i 4 -
Hydraullc Conductivity (K) 
Hydraulic conductivity was evaluated by using formula 
of Uma, et a l . (1909) 
K = A d^^2 
where, 
A = . 6 
d.^ = effective grain size 
The result of size analysis shows that the effective 
grain size of aquifer material ranges between U.U7 to 0.181 mm 
which shows that the sand size ranges between medium to fine. 
The effective grain size of the Gnnga sodlmont rnngos botwoon 0.00 
to 0.125 mm while the effective size of Kali sediments ranges 
between 0.068 to 0.108 mm which reveals that the Kali sediments 
are finer than the gangs alluvium. 
Uniformity ronfficiont of thn aqulfnr mntorial is givnn 
in (Table 6 a ) . 
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Table 6 a : Sliowlng the voluo of olloctlvo slzo, Uniformity coeffi-
cient and hydraulic conductivity (K). Calculated by 
statlstlcfil grain slzo mnthnd. 
SI. 
No. 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
Location 
Chaumuhan 
Gazipur 
Runpan 
Kheria 
Dholna 
F i rozpur Suhela 
Ghinauna 
Effective 
grainsize 
(^10^ 
0.158 
0.181 
0.072 
0.070 
0.13 
0.120 
0.138 
Uniformity 
Coefficient 
(Cu) 
1.70 
4.41 
1.94 
1.85 
1.57 
1.70 
1.63 
Hydrau l i c 
conduc t iv i t y 
- 1 
cms 
0.149 
0.196 
0.031 
0.029 
0.101 
0.086 
0.114 
m/day 
129.4 
169.83 
26.87 
25.40 
87.60 
74.3 
98.72 
A perusal of table shows that uniformity coefficient 
ranges between 1.57 to 1.85 except at Ghazipur, the sample shows 
the Cu values as 4 .41. The results of uniformity coefficient reveal 
that most of the samples show value of Cu < 2 hence their porosity 
is high i . e . they are uniform. The uniformity coefficient of the 
Ganga sediiiiont (Tatilo (i h) limgod h(Uw<M!n 1.;}I) lo 1,75. 11 UIHO 
shows lower values for Cu i . e . < 2 which indicates that the Ganga 
sedlmnnt is poorly Rrndnd. l .n. thnir iintoRlty 1R high. iim 
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samples from the Kali r ive r show higher value of Cu than the Ganga 
sediments which range between 1.37 to 2.45 and Indicates that the 
porosity of Kali sediments is s l ightlv lower than the GnnRn 
sediments. The hydraulic conductivity of the aquifer material, 
(jHluUloloU by Uiiin ttl n l . , (lUflU) fiuiiiiilii, iiinHHM hnlwnttM 2h.4 Ui 
169.8 m/day while that of the Ganga sediments ranges between 33.17 
to 81.00 m/day. The hydraulic conductivity of the Kali sediments 
var ies between 23.97 to 60.46 m/day. 
Table 6 b : Value of effective size, uniformity coefficient and 
hydraulic conductivity (K), of the Kail and the Ganga 
sediments, calculated by s ta t is t ical grain size method. 
Location 
Kali R lve r -1 
Kali R iver -2 
Ganga R i v e r - 1 
Ganga Rlve r -2 
Dnpth 
30 
60 
' ) ( ) 
30 
60 
'Id 
30 
60 
90 
30 
60 
90 
Effect ive 
g rn1n R1zn 
^'^lO^ 
0.078 
0.072 
( ) . ( ) ( . H 
0.09 
0.096 
0.10(1 
0.125 
0.08 
O.U92 
0.10 
0.084 
0.098 
Uniformity 
nnnrrinlnnt 
' ^u^ 
1.78 
2.15 
2.M\ 
1.5 
1 .37 
I .4(1 
1.36 
1 .75 
J .57 
1.52 
1 .60 
1.47 
Hydrau l i c 
condunHvit 
{K)_^ 
cms 
0.36 
0.031 
0.027 
0.048 
0.055 
0 . ( ) ( . ' ) 
0.093 
0.038 
0.U50 
0.050 
0.042 
0.057 
Hydrau l ic 
ycondnc i1 -
v i ty 
m/dnv 
31.53 
26.87 
23.97 
41.99 
47.77 
( i 0 . 4 ( i 
81.00 
33.17 
4 J . 87 
51.84 
36.57 
49.78 
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The aquifer materials collected from the Kheria and 
Runpan drill ing si tes close to Atrauli town were mechanically 
analysed and the value of K wore dotormlnod through Uma formula. 
These values were further compared with the values of K determined 
through the pumping test and data nnalysiR at Atrauli Tost wnll 
s i t e . 
The vnhiOR of K dntnrmlnnri through limn formula rnngoR 
between 25-26 m/day while the value of K dntnrmhind through the 
pumping test Is 22 m/day. This shows that the value of K 
determined through uma formula is sl ightly on higher side than one 
determined through the pumping test , which may be due to the 
disturbance of natural setup of the aquifer material . 
Depth to Water Table 
In an unconfincd aquifer, the water table is the upper 
Rurfnco of the zonn nf Rnfnrnflon whnrn tlin iirnRr.iirn 1R ntnioR|)hnrl(;. 
It is defined by the level at which water stands in wells 
penetrating tlie aquifer. Just onougli lu liohl standing wulor. 
However, in general the water level standing in dugwells are 
considered accurate enough tn represent water table of an aroa. 
The depth to water maps depict the regional variations of the water 
lovol with roRpnct to land Riirlacn all ovnr llin rudn. 
The water table maps are useful in deciphering the area 
of recharge and discharge. Recharge areas are characterized by 
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deeper water table while shallow water table below and surface 
indicates discharge area (Feter, 1988). 
Water level data of open wells (Appendix IV A U U) 
evenly spaced at a rilRtanrn of two kllnmotnrR wore utilized to 
prepare epth to water map of the study area. 
Figures 26a fi 27a shows depth to water for the pro-
monsoon (June 1988, 1989) and (Figs. 26b 6 27b) show depth to 
water for post monsoon period (November, 1988, 1989). 
Depth to Water Table (Fre-monsoon, 1988, 1989) 
In pre-monsoon (1988 June) the depth to water ranges 
between 1.85 to 16 metres below the ground level, while in 1989 
It ranges between 1.6 to 16.2 metres below ground level . The area 
has been divided Into 9 do[)th to wntor lovol zone's varying from 
(1) /^l (2) 2 to 4 (3) 4-6 (4) 6-8 (5) 8-10 (6) 10-12 (7) 12-14 
and (8) 14 - 16 metre below the ground level . The deeper water 
levels viz . 15 and 16 metres b . g . l . were recorded at Atrauli and 
Sunhera villages respectively in the upland area and shallowest 1,85 
and 1.65 metres below ground level at Dinapur in the low valley 
of the Ganga. 
A poruKal ol the iiii'ipK show Ihnt In low valluy of tlui 
Ganga which is topographyically low area in general, the water table 
ranges between 2 to 4 metre below the ground level . At places, 
close to the upland margins, the water table is observed to be 

-69-
nnmparatlvely rioep (R motro) thnn thn Rnnnrnl rinpth tn wntRr Invnl 
in the lov; va l l ey . This is probably because of the fact that these 
places are located at topographical ly high ground. In the v i c i n i t y 
of the Lower Ganga Canal the water table is generally 2 m or less 
than 2 metres boluw ll io ground iovol wl i lc l j Is tho tosul lnnt e l loc l 
of tho quantiim of snnpage that has hnnn taking plncn nvnr sincn 
the commissioning of the lower Ganga canal, in 1879. The excessive 
seepage is taking place through unlined canal bed and consequently 
the general water table in the area proximal to the canal has 
progressively been r i s ing . 
In gnnnrnl, tlin wntor table map show n grndunl 
increase in depth to water from east to west d i rec t ion . In the area 
ly ing betv/een the lower Ganga canal and Nlm r i v e r there is a 
network of canal, which recharges the shallow aquifers proportionate 
to the i r hydraul ic ()roporlloR, hoiice tho water tnblo In Urn tract 
generally ranges hntwnoii 4 tn R mntrn bnlnw grnuiul l eve l . 'I l in 
deeper water level zones, tl iat is (j to 8, 8 to 10, 10 to 12, 12 
to 14 and 14 to IR metres below ground level were recorded In the 
Nim-Kali upland area. The deepest water level zones, where tho 
water level ranges botwnen 12 to 18 iiiotrns lielow tho ground Invol 
was delineated between Atrau l i town and the lef t bank of the Kal i 
r i v e r . At rau l i town is locator! on tiio tnr)ograplii(: l i lg l i of tiio Kn l i -
Nim interf luves which gradual ly slopes towards the ka i l bank. In 
th is tract the water level has henn (inclining since tho last two 
decades due to the heavy withdrawals of the groundwater for 
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irrigatlon for the shallow farmers tubewells spaced at about 100 
metres in terva ls . In comparison to the Ganga-Nim upland which is 
crls-crossed by the canal networks, the Nim-Kall upland is 
completely bereft of canal and all water demands are met through 
the ground water, consequently the Impact is decline In water level 
at the rate nf 0.34 m/vRar Binrn Intn slxt lnq. It Is rnnlly vnry 
Interesting to note that on one part Ganga-Nim upland is facing water 
logging situation due excessive seepage while, the Nim-Kali upland 
is beset wltli the declining trend caused duo to excessive 
withdrawals . The table 7 below shows number and percentage of 
wells falling in different depth to water zones. 
Table 7 a : DEPTH TO WATER (JUNE, 1980, 1989) 
Year Depth to Water range in (m) 
1988 
1989 
No. of 
wells 
160 
156 
Average % 
0-2 2-4 4-6 6-8 8-10 10-12 12-14 14-16 
23 36 23 30 21 18 
1. 25^ 14. 3-}-, 22 . FA 14 . 37"^ , 1 8 .75% 1 3 .1 2^ 11. 25^ 4 .37% 
6 3 0 25 24 24 24 15 8 
3.8% 19.132% 15.18 15.18%15.18% lb.18% 9.5% 5 .WA 
2.52 10.96 18.89 14.77 1().9() 14.47 16.377 4.71 
It may be seen that during pre-monsoon period, 57.49% of 
W O U H nhow d o p l l i to wfitfu- Ifwol iiuiKlnK bolwoini 6 to 14 iii IJOIOW KIOUIUI 
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luvul, 30.U4) uf wollH 2 l(J 0, i .2'.)% Innti lliaii 2 iiuitroH, Qiid 4.37'^, ol' 
the wells showing more than 16 metres. Similarly during post-monsoon 
period, 52.49% of wells are recorded showing the depth to water level 
ranging between 6 to 14 metres, 36.87 well 2 to 6 metres, 10% of the 
wells less than 2 metres and 0.5% showing more than 14 metres. 
Table 7 b : DEPTH TO WATER (NOV. 1988, 1989) 
Popth to Water range (m) 
Year 
G-2 2-4 4-6 6-8 8-10 10-12 12-14 14-16 
No.of 16 37 22 23 22 20 19 1 
wells 
1988 160 10% 23.12% 13.75% 14.37% 13.75% 12.15% 11.87% 0.62% 
1989 15R 10 3 7 20 24 20 2B 12 7 
6.3% 24% 12.65% 15.18% 12.65% 16.45% 7.59% 4.43% 
Average 
% 8.15 23.56 13.2 14.77 13.2 14.3 9.73 2.71 
A comparison of the two tables show that the percentage 
of wells recording depth to water less than 2 metres is increased 
by 8.75% during post monsoon, and there is decrease by 3.7% In the 
value of wells recording the depth tfi water morn than 14 metre recorded 
during the pro-monsoon. 'I'his rhniii^i! in tlio vnhins Is duo to tlio 
recharge of aquifers through rainfall . 
CD 
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A comparative study of the pre-monsoon depth to water 
maps of 1988 and 1989 reveals that the water level during 1988 was 
rocordod sl ightly doopor In nil obsoi-vntlon wolls tlinn that of pro-
monsoon water level during 1989 except Atrauli area. This 
difference in pre-monsoon water levels between 1988 and 1989 was 
probably caused due to severe drought during 1987 while there was 
a heavy rainfall during 1988. 
Post monsoon depth to water table 
Figures 26b fi 27b shows tho dopth to water of post-
monsoon (November, 1988, 1989). 
A perusal of fig. shows that during November, 1988, 
1989, the shallowest water level i . e . 1.15 m b . g . l . was recorded 
at Dinapur while the deepest level i . e . 15 m was observed at 
Nausha observation well closn to the left bank of thn Kali r ivnr . 
Jn Nltn-Knll uf)lnii(] nvir,\ [)arl Iciilfirly ntoiiiul Atinnll, thn dnptli to 
water level was measured as 14 metres below ground level . 
Shallow water table leading to swampy conditions during 
and after monsoon season is ci iaiactcrist lc icaturo ol tho low valley 
of the Ganga, and Lower and Upper Ganga canal command areas . 
During the year 1988, the nron rncordcd highest rainfall of tho 
decade and conse(iuontlv a sliarp r ise in water talilo was rocordod 
all over tlin nrna which inrthor rnsultnd in tho largo fiiictnat ion 
of water levels . The post-mnnsoon dnpth to water map of 19R9 does 
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not show any significant difference. This is caused due to the 
deficient rainfall during 1989. 
In general depth to water zones described are found 
in confirmity with the general physiographic unit of the area . 
Water Level FluctuotionB 
« 
Figure 28a 8 28b shows water level fluctuation in the 
area. The fluctuations are represented by way of contours of water 
level difference in pre-monsoon and post-monsoon water levels for 
the period of June and November, 1988 and 1989. This difference 
in groundwater levels show a seasonal pattern of fluctuations.This 
resul ts from influence such as rainfall and irrigation pumping that 
follow well defined sensonal cyclns (Todd, 1980). 
A perusal of fluctuation map (Fig. 28 a) shows that 
with an Inlorval of (J.T) in, tlio moa If; dlvlnlbhi Into tlio folluwhig 
four distinnt wntnr Invnl f hicliintion /.nnnr,. 'Vi\\)]() }^\v^^n llin niiiiihdr 
Qf wells falling In rilffnrnnt flncttintlnn /.nnns. 
0 0 
CM 
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Table 8 : Pre-monsoon and Post-monsoon fluctuation. 
Year 
1988 
1989 
No. of 
wel l s 
160 
158 
Fhi( 
n-n.5 
23 
14.37% 
72 
45.56% 
i t t int lon 1^ 0 
n . 5-1 
56 
35% 
76 
4fl% 
"HO ( in ) 
1-1.5 
53 
33.12% 
10 
6.3% 
l.fl 
28 
17.5% 
-
Further, table shows that in the major part of the area 
the fluctuation ranges between 0.5 to 1.0 metre and is followed by 
the zone showing fluctuation in the range of 1 to 1.5. A very small 
portion of thn nrnn is rnvornd by flin fliirtiintlnn of <-5 m. 
'I'bn riKiU'd fibdwn Ibiit In fioulhniii imit of llio low viilloy 
of the Ganga lying east of Kasganj and west of present active 
nhnnnnl, tlin wnlnr Invnl flnctnnlion rnnROR l)ntwonii 1 to 1.5 mid 
> 1 . 5 metres which is the highest recorded fluctuation in the area. 
This Is nt vnrinnrn to thn nnrthni-n portion of thn vnllny 
where the fluctuation ranges between 0.5 to 1 metre. This variation 
in fluctuation in thn low vnllny of thn Hnngn Ifsnlf Is probably dun 
to the lithological control which is further substantiated by the 
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sand percent map. This zone is followed due west by 1 to 1.5 metre 
fluctuation zone In the enBtnrn pnrt of thn Nim-Knll uplnnd trnctR. 
In the middle of Nim-Kall upland is situated Atrauli town where the 
fluctuation havo hnnn rncordnd tn rnPRO hntwnnn 1 - l.fi mntrn. 
Further west, in the area close to the left bank of Kali r iver , the 
fluctuation ranges between 0.5 - 1,0 m only. 
From the above it would be apparent that these hlRh 
fluctuation areas are also recharge area and the area of high 
elevations. 
The fluctuation map of 1989 (Fig. 2flb) does not show 
any significant change in water level . This Is caused duo to 
deficient rainfall during the year . 
GROUNDWATER MOVEMENT 
Water Table Contour Maps 
Water level data of wells collected during pre-monsoon, 
and post-monsoon (1988, 1989) were analysed and al t i tudes of water 
level with reference to mean sea level were plotted and water table 
contour mnps worn [irnfjornd with coiifour Jntnrvnl of onn moli-o. 
The water table contour maps are very useful in 
deciphering the groundwater flow direction, hydraulic gradient and 
area of recharge and discharge. Convex contours indicate area of 
groundwater recharge, while concave contours show tract of 
groundwater discharge (Todd, 1980). Further the divergence of flow 
lines indicates a recharge area wlioroas covergonco of flow linos 
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depicts the discharge area (Fetter , 1980). 
Form and Slope of Water Table 
The elevation of water table ranges between 179 metres 
in north west to 162 metres In south east above the moan sna lovnl. 
A perusal of water table contour (Fig. 29a 6 30a) shows that the 
general groundwater flow in consonance with the regional groundwater 
flow direction in the central Ganga basin is from NW-SF direction. 
However, at places there are some variations which are 
caused due to local factors in eastern flank groundwater flows due 
east and joins the r iver Ganga. l-'rom the wnstnrn slope of the 
eastern upland groundwater flows from east to west and joins the 
Nim r iver . Similarly in Nim Kali upland groundwater flows from 
NW-SE direction. However, in the area close to the r iver Kali 
ground water flows from east to west direction and joins r lvnr Kali. 
In general the gradient varies from 0.4 m/l<m to 2.5 m/l<m. 
In north nnstorn part of thn arnn (;h)Kn to thn lower 
Ganga canal and the Ganga r iver the hydraulic gradient is very 
steep i . e . 2.5 m/l<m. The steep hydraulic gradient is indicative 
of two factors v iz . (Todd, 1980). 
(1) heavy withdrawal 
(2) low permeability 
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It linn hnnn f)hr.nrvn«l (iiirliiH f lnld nfiullnn fhnt 
concentration of wells is relat ively low in eastern part by which 
i t can be assumed that steep gradient in th is tract is due to low 
permeability horizons. However, this is also supolemented by the 
isopermeability map of the area which shows that this tract has 
real low permeability zones. The slope of water table is towards 
the r iver Ganga which depicts that the Ganga is effluent in nature. 
Similarly the r iver Kali which forms the western boundary of the 
study area is also efiluont in nature. l-'urthor, there are lliroo 
Rronndwntnr mounds nlnnR l owor and nppn r Hnnqn rnnn ls ( F I R . 79 
6 30). One of these has formed in southeastern part of the area 
proximal to the right bank of upper Ganga canal, another mound 
has formed along the lower Ganga canal and third one has formed 
along the Farrukhahad branch of the Inwnr Gnngn canal. All tlinsn 
three mounds are the resultant effect of the excessive seepage of 
the canal water through thn unllnnfl rnnnl info the shallow a(|ulfnrH 
lying immediately hnlow thn canal bods, Thnsn mounds are shedding 
water froin tholr nnslnrn flank to fhn rlvni- Gallia and from tholr 
western flank to the Nim r ive r . The aquifer system in this part 
Is very much receptive of the massive snnpagn leading to the 
formation of these mounds. 
However, perusal of thn map (i ' ig. 2fl f) 30) also shows 
a groundwater trough around Atrauli which has developed due to 
heavy withdrawal of gtoundwator through Khalluw and deep 
tubewells. Here the groundwater fkw^'.,-frdi^'^!-Wfig]C^5^ east which 
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imparts an influent character to the Kali r ive r which was otherwise 
basically effluent in nature. This reversal of hydraulic sradient 
is the resultant of the excessive withdrawal of the groundwater 
in the area. 
Post-Monsoon Water Table Contours 
Map (Fig. 29b 6 30b) shows the post-monsoon water 
table contours for the period 19HH 0 19fi9 rnspoctlvelv. The 19H9 
post-monsoon water table contour values remain essentially the same 
because of low fluctuation in water table . But during 1988 duo to 
high fluctuations in water level, contours are found some what 
displaced by highnr contour vnluns. 
Plezometrlc Level Map 
A pleTiometric level map (Fig. 31) has been prepared 
considering the piezometric head in tubewells. The map shows that 
pattern nf pln/omntrlc Invnl rniitoins is nlinoKt KJuiilnr to that of 
water table contour maps (Fig. 29 fi 30) but in the north-eastern 
side the pioznrnotric hnads worn hlglmr thnii wator table by about 
2 m above mean sea level. Mnrnnvor, the ploznmetric level map 
shows gentle hydraulic gradient than water tabln f:()iit()ur map. 
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Long Term Behavior of Water Levels 
Hydrographs 
The water lovnlB nf thn kny obRorvntlnn WOIIB In thn 
area have been utilized for preparing continuous hydrographs of 
the well with a view to studying their behaviour with respect to 
time and space and their dependence on natural phenomenon. For 
th is purpose eight hydrngraph stntions woro choBon in dlfforont 
physiographic units and their water level data collected and plotted 
(Fig. 32 n (1 b ) . A f)nrMiRnl of liydrogrnplis liullcntofi that wnlnr 
level variation is cyclic and sinusoidal as a function of time and 
space. It is observed that water level s tar t rising by the last 
week of June and attains shallowest lovnl in Novombor. l-'rom 
November onwards there is sharp decline in water level . From 
January onwards the recession in water level is slow indicating 
natural groundwater dischargn through steady sub-surface outflow, 
in harmony with regional groundwater movement. 
From the above discussion it will be seen that water 
level has rising and declining trends with respect to time and space 
a function which causes such r ises in water level, that Is Input 
source (rainfal l ) . 
Further, it is seen from the hydrographs that there 
was progressive decline in water level in Nimi-Kali intorfluvns 
where as hydrographs falling in Ganga-Nim interfluves does not show 
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any significant change in their behaviour. This is at tr ibuted to 
adequate recharge of the groundwater bodies through canal seepage 
in Ganga-Nim area and pract ical ly no recharge except rainfall in Nim-
Kali interfluves. 
Decline in Water Table 
The study reveals that under the heavy demand of water 
in Nim-Kali interfluves, withdrawal of groundwater is much higher 
than the quantum of the average annual reccharge, which has Induced 
declining trend (Fig. 32a). The analysis of four hydrograph stations 
data which fall In this physiographic unit sliows tliat the water table 
in this unit has a declining trend and average rate of this decline 
1B QBtlinatod QB U . 3 4 in/yoar. '\\\\H IB nliu-iiilng. I'lio altuQllun iiiiiy 
aggravate in future due to IncreaKo In population, extensive agriculture 
practices and escalating industrialisation In this bel t . 
Correlation With Rainfall 
[n order to Rludy tbn long i-niign trond of water Invols (IK 
a function of rainfall, the hydrogrnphs of thn wnlls situatnd nt 
Atrauli, Charrah, Kasganj and Soron have been selected, so as 
to have an over all picture of the groundwater behaviour In the 
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basln. The correlation of the groundwater levels with rainfall were 
made since 1988 to 1989 ( F I R . 3?a Q 33b). 
A crltlnnl study "f hvfirnRrnphR liuilrntnR thnt Ihn 
response of water levels to rainfall and droughts is reasonablv 
quick. Tho nscnnt of level is also Krnntlv nffnrtnd by tbn InlonHity 
and distribution of rainfall. 
Iso-permeability Map 
Logan (1964) reasoned that if a well is pumped for such 
a long period that the flow is in steady state , then an approximate 
OBtlinnllnii of tlin ordnr of miignitiidn of tbn trnnRiiilRRl vi ty c:nn l)o 
made using the Theims formula for a confined aquifer which can 
be written as ; 
^ 2.3 Q log (rmax/rw) . . . 
2 n Smw 
where, 
radius of puiiipod well in motros 
r = radius of Influoncn in metres 
max 
Smw = maximum drawdown in the pumped well in metres. 
Logan, further stated that the accuracy of the calculation 
depends only on the ncmrnnv of mnns\irnmont of Smw (on which well 
losses may have substantial influence) and nn the accuracy of the 
ratio rmax/rw. As rmnx/rw f;nnn()t bo nccurntolv dntoi-iiiinod 
CM m 
I I 
3 3 
o 
fri 
n y i 
IT) 
CM 
O 
n i 1 
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generallv. Loj?an opined that although the variation in rmax and 
r may be substantial, the varriation In the lo«arthim of their 
w 
ratio is much smaller. Hence, assuming average conditions of rat io, 
he suggested a value of 3.33, for log ratio which may be taken 
as rough approximation. 
Substituting the value in the equation (1) , we get the Logan's 
formula, 
S (2) 
where, S^^ is the maximum draw-down in a pumped well. 
According to Kruseman and de Rider (1970) Logan's formula in above 
form gives erroneous results of the order of 50'li or more. 
However, based on Logan's, an isopormeability map of 
the area was prepared (Fig. 34). For the purpose, specific 
cupaclly find dtiiwddwii diitii MI viirloiiii tiiliiiwdllM wmo ctilloclod 
and utilised for the doterminntion of transmlsRivity and premoability 
by Logan's formula. 
A perusal of the isopermeability maps of the area of 
investigation shows that there are six isopermeability zones viz . 
(1) < 25 (2) 25-30 (3) 3(J-3!) (4) 30-40 (5) 40-45 and {(.) iiioco 
than 45. 
The permeability ranges between 25 to 30 m/day in 
the arna lying closn to thn Kali r ivnr hut grndnnlly InnrnnsnR duo 
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east towards the Nlm r iver where It ranges between 35 to 40 m/day 
with some local variations at places. In between the Nim-rivor and 
Lower Ganga canal, again the permeability decreases and there the 
values recorded show 25 m/day. Fiirtlior, sonth the pnrmonhlllf y 
values for the area lying between the lower Ganga canal and the Ganga 
r lvor , vnlunn rnnHo hnlwoon 2rj lo ,')() iii/diiy. AIIIIOIIHII Iho (udii lyliiH 
between the Lower Ganga canal and the Nim shows a very high sand 
percent (60-80%) but the permeability values recorded are very low 
(25 m/day) . Similar situation are observed in the area close to the 
Ganga r ive r . This may possibly be attr ibuted to the subtle variation 
in the grain size, sorting character is t ics , and grain packing 
representing microscopic inhomogeneities that control porosity and 
permeabili ty, and thus fluid flow charac ter i s t ics . 
Rncavise of paucity of pumping tost rintn nnnlysls the 
value of T and K determined by Logan's formula could not be 
compared with the pumping test data except for few places only. 
In Atrnull, thn vnliin of K ohfnlnnd by Logan's foniiiiln 
i s in close agreement with the values of K determined through 
pumping tnst rintn nnnlysls. Hut at Pnlinripur tlin dlffnrnnnn In 
the value is more than 50%. Thus the values obtained by Logan's 
method give only approximate picture. 
Specific Capacity Index Map 
The specific capacity, besides being an index of well 
productivi ty, servos also ns a parameter of yielding and 
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transmlssive capacity of an aquifer (Karanth, 1987). The yleldlnR 
capacity Is denoted by an y ie ld factor (or specif ic capacity index) , 
which expresses the speci f ic capacity of the well for the unit 
thIcknoRR nf the nqulfnr tapped. 
„ . , , r * Specific capacity 
Yield factor = • ..,7', , ^ .^ "^  j - r — 
Ihickness of the a q u i f e r 
RflRed on th is formula thn Rpnrlf ln nnpncity Indnx was dotnrmlnnd 
from the avai lable data of tubewells of the area, and the specif ic 
capacity index map was prepared ( F I R . 35). 
A perusal of tho map shows that thoro are following 
y ie ld factor zones. 
( 1 ) < 2 0 (2) 20-25 (3) 25-30 (4) 30-40 m/day. Tho y ie ld factor 
ranges between 20 to 25 m/day towards Kal i r i v e r . The area 
surrounding Atrau l i town shows moderately high value of specif ic 
capclty Indnx which rnngoR bntwnnn 30 to 35 m/dny. Dn thn nnslnrn 
upland lying botwonn thn lownr and uppnr (inngn cniinlR, tl>o valuo 
of spoclf ln capacity indnx is < 20 m/dny. '"(irfbnr in thn Irncf 
between the lower Ganga canal and tlic active ciiannol of (Janga, 
i t rnngnR bntwnnn 25 tn 30 ni/dny. Ilnwnvnr, tbn nvnrngn vnlvin 
of the specif ic capacity for the entire basin is recorded as 25 
m/day. 
Pumping Tost and Data Analysis 
GrDundwnlnt' roKoiiicn (hwolopiiinnt (iiid iiiiiiuigniiinni coiicnin 
v/ith the sustained y ie lds of wells and aquifers, the interference 
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between wells and well field, the interrelation between surface and 
groundwater and the quality of groundwater. As the use of 
groundwater resources requires that pumping be related to water 
level changes with reference to time and space. The hydrogeologic 
propert ies and dimensions of aquifers and aqul tards and the 
boundaries of aquifers are of utmost importance in relating causo 
and effect., An answer to most of the above question lies in 
pumping test and data analysis . One of the fundamental aspects 
of groundwater resources investigation is the determination of the 
aquifer character is t ics of permeability (K) and storage coefficient 
(S) . These character is t ics are important in determining the natural 
flow of wator tliruugli on iuiulloi' and Its response to withdrawals. 
Generally the determination of aquifer parameter such as coefficient 
of permeability and s tor i t iv l ty nro made on the basis of data 
obtained from pumping tests of wells. For the proper evaluation 
of groundwater resource it is an essential prerequisi te that pumping 
test are conducted so that thnsn pnrnmnfnr cnn rnllnbly asRossntl. 
Moreover, such data are also required for proper well spacing and 
scientific dovolopmnnt nf this vnlnnhln rnsonrcn. 
Method of Analysis 
Tlie puiii|)lMH (lata test woro niiaiysfMl by methods which 
worn ronnldnrnd riioni niiproprintn to Ihfi fldld coiidl t ioiifi. Tho 
method of analysis of drawdown data in different types of aquifer 
are out llnnd below. 
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Confined Aquifer 
The only solution available for radial flow problems 
prior to 1935 were stoady-statn formulao such ns that of Dupuit-
Theim, which frequently required a lengthy duration of pumping 
to satisfy the conditions governing tho equation. 
ThiRs(1935) introduced the first non-steady state solution 
which look into account tho rnlntod paraiiiolors of tliiio and nqullor 
storage. The equation which hn derived spnciricnllv for confined 
aquifers has the following form: 
/ " ^ - u 
Q f e du 4 7TT 
or s = h ~ ; p l w(u) [1] 
or T = - ^ ^ w(u) 
(2) 
where, 
II 
2 
r R 
or 
where, 
4Tt 
_n_rt_u (3 
2 
r 
r = distance in metres of an observation well from 
tho puinpnd well 
-87-
s = the drawdown in metres in an observation well 
located at a distance r from the pumped well 
Q = the constant well discharge in m /day 
S = storat ivi ty 
2 T = transmlssivity in m /day 
t = the time since pumping started 
w(u) = well function of u 
For the use of Thes i s ' s method following assumptions 
and limiting conditions should be sat isf ied. 
1. The aquifer is homogeneous, isotropic and of uniform thickness 
and infinite areal extent 
2. Before pumping the pelzometric surface is horizontal 
3 . The well i s pumped at constant discharge rate 
4. The pumped well penetrates the entire thickness aquifer, and 
flow is everywhere horizontal within the aquifer to the pumped 
well 
5. The well diameter is infinitesimal so that the storage within 
the well can be neglected 
6. Water removed from storage is discharged instantaneously with 
doc]inn of hnnd. 
For calculation of aquifer parameters, standard techniq>in 
of matching field data curves (t vs s) with Thesis type curves 
(1/u vs W(u), choosing match point and RuhKtltutlng thnir coordlnntn 
values in the equations mentioned, are used. 
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Jacob Method 
Cooper and Jacob (1946) suggested a simplification of 
Thais equation (1) which dispenses with the need for type curves 
by utilizing a semilogarithmic plot for those field data where 
U < 0.02, which boyond tho first log cycle of time usually glvos 
a straight line relat ionship. 
Jacob has shown tliat for small values of U (U i O . O l ) , 
i . e . where r is small and t is large Eq. S = -^= w(u) can be 
simplified and expressed as 
2.30Si. 1 2.25 Tt , „ , 
s = 4yrr l08 2 ^^^ 
r s 
Thus, a plot of drawdown, ' s ' , versus logarithm of time, t, forms 
a straight l ine. Equation (3) can further be solved to give; 
2. 25 T tn (4) 
2 
r 
^"^ ^ 2 . 3 0 U (r.) 
4 TTAS 
where, 
to = time in days corresponding to interception uf 
strnlRht linn with nxls, wlinrn R - 0 
^ s -•• slope of straight line in metres. 
By plotting time versus drawdown on a semi-logarithmic 
paper (time on log scale) a straight line Is fitted by discretion. 
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The slope of straight line and i ts intercept on time 
ax is , s = 0 are subtituted in equation (4) and (5) for determination 
of T and S values. 
Boulton's Method 
Boulton (1963) assumes that the effective co-efficient 
of an unconfined aquifer is 
S^ + S y = N S^ (1) 
or 
N = 1 . - f l - (2) 
where, 
N = a factor 
SA = early time coefficient of storage 
SY = specific y ie ld . 
The general flow equation for an unconfined aquifer with 
delayed ylold, In niinlogy to tlin I'Mnls rniuntion 1R nxproRSOd ns, 
^ w (U,^ , r/B) (3) 
° " 4 7TT ' A Y 
where, 
w{ll , r /n ) may ho cnllnd the woll function of Boulton, 
Under early time conditions, equation (3) reduces to 
s = - T ^ f - ^ ^"A- /^^ ^ '^^ ^ 
- 9 0 -
w h e r e , 
"A 
\ 
= 
= 
r ^SA 
4 Tt 
4T t U A 
2 
A 
S^  ^ - ^ (5) 
r 
unde r l a t e r t ime condi t ions equat ion (3) r educes to, 
s = Q 
where 
or 
"Y = 
=Y = 
4 /r T " 
r ^ Sy 
4 Tt 
4 Tt UY 
Z 
r 
w (Uy. r /B) (6) 
(7) 
Also, 
Uy = U^ (N-1) (8) 
The above mentioned formulae a r e v a l i d only when N 
tends to i n f in i ty . In p r a c t i c e t h i s means N > 1 0 0 . Boul ton ' s method 
i s not a p p l i c a b l e when N < lU. However, i t may be a p p l i e d when 
1 0 < N < 1 0 0 . If N tends to in f in i ty , the middle p a r t of the second 
segment of time - drawdown plot a p p r o a c h e s a hor izon ta l asympto te 
given by 
W (II^Y. r / n ) = 2 K^^ ( r / B ) (9; 
or 
Q 
T T I T ^ Kn ( r /B) (10] 
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K (r/B) is the modified Bessel function of the second kind and 
o 
zero order . The element B, may be called the drainage factor, it 
i s defined as , 
B 
ocSy 
and is expressed in metre 1/oc is called Boulton's "delay index". 
It is expressed in days and is used In combination with Boulton's 
delay index curve to determine the time, twt, beyond which the 
delayed yield ceased to affect the drawdown. 
AsRUinptioiiB of lldiiltoii'H Mothoii 
a. The aquifer is unconfined and displays delayed yield phenomenon 
b . The flow to the well Is In an unsteady state 
c. The RtornRO In the well is nnRliRihlo. 
The data plot of time versus drawdown is init ially 
matched with Boulton's type - "A" curvos. The match point 
co-ordinates are util ised in equation (4) and (5) to calculate 
T and S . The dntn f)lot Is liorlzontnlly slidnd to oblnln 
another match point with Boulton's type "Y" curves, holding 
r /B values the samo as in previous cnso. 
The co-ordinates of second match point are used in 
equations (6) and (7) to compute T and S„. 
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Knowlng r /B and r , B is computed knowing B, S and 
T 
T. OL Is computed with equation B = — 5 — . Then from Boulton's 
index curve of twt vs r / B , the value of twt is read and knowing 
ot-twt is computed, where twt represents the time beyond which 
the "type" curve merges with Theis type curve. 
Results of Pump Tests 
Pumping tests wore conducted In couple of tubowolls 
and data were collected to determine the aquifer parameters . 
Before the present investigations various agencies had 
undertaken hydrogeological investigations of the study area for 
different purposes. 
As part of present invest igat ion, ef forts were made to 
col lect aquifer parameter data. 
'I'ho orslwhilo oxploralory tubowoll organisation luiw 
called as the Central Groundwater Board carried out exploratory 
drill ing in Atraull area during early s ix t i es . During tho 
investigation, short duration pump tests were conducted with or 
without observation wells by hydrogeologlsts at the s i t e . The 
detai ls of pump test results are summarised as below : 
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S i t e /Tubewel l 
No. 
Aquifer Pa rame te r s 
144 (Near Bhojpur) 
158 (Lohgarh) 
T = 1761.05 m / d a y The l s Recovery 
636.48 m / d a y 
154 (Near Rasalnl) 
Observation wel l -I 
T = 2327 m^/day 
S = 2.6 X 10"^ 
Observation - I I 
T = 2502 m^/day 
S = 3.17 X 10"^ 
161 (Near B idha r i 
Kalan) 
T = 1599 m / d a y 
S = 3.9 X lO"^ 
T = 1405 m / d a y 
S = 3.21 X lO"^ 
RoRides R . T . n . , ann i fe r performanco tost was cnndnctnri 
at Tlkta v i l l age by Ran ot a l . (1965) . Thoy ropnr tod the vnhin 
2 
of t r a n s m l s s i v l t y as 914.55 m / d a y and spoci f ic y lold vnhio fl.751i. 
Dutt (1969) conducted a shor t dura t ion aqui fe r 
performance tes t In Atraul l nroa without o b s e r v a t i o n well and 
ana lysed the data by The l s r ecove ry method. Dutt de termined the 
2 
va lue of T = 576 m / d a y and K = 22.2 m/day 
Raja et a l . (1989) made spnci f ic y in ld nst imat inn at 
Chha r r a v i l l age using r a d i o a c t i v e t r a c e r t e chn iques . Simultaneously 
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he also carried pump tost and Rrain size analvRis to comparo tho 
resu l t s . 
The values of aquifer parameters determined by Raja 
et a l . (1989], are tubalated as below : 
Table 9a : Results of specific yield by radioactive t racer technique. 
Location DischarRO Time of Aquifer-
arr ival nf thickness 
pnnk ( l i iyn 
nistnncn 
bntwonn 
P . W . ( 1 1 1 ( 1 
O.W.well 
Specific 
yield 
Charra 1130 m /day 1.5 16.50 m 20 m B.IH^ 
Table 9b : Results of specific yield by Pump Test Method 
(Boulton's approach) . 
Location Boulton's Conslnnt Urnwdown 'I'liiin H^  
m /day 
WfU^.r/B l /U^ r/B (s) 
metre 
(t) 
Charra 5.6 100 .1 ,52 ,7639 7.4 968.89 
Table 9c : Results of specific yield by j^rain size 
Location 
Charra 
% of Grain size 
Gravel Course Medium Fine Silt Clay S % 
2.0 8.0 48.0 5.0 15.0 22.0 10.00 
o 
I 
CX5 
CO 
o 
l i . 
LU 
> 
D 
U 
z 
o 
Q I 
01 
Q 
C/) 
> 
LU 
2 
c 
"i 
111 
5 
o 
-95-
The results obtained through radioactive t racer technique 
are almost matching with the pumping test and data analysis resul t s . 
However, the values of specific yield obtained by the grain slzo 
analysis sl ightly differ with that of the pumping test and radio 
active tracer tnchniquns. 
Aquifer Performance Test 
The aquifer performance tests were conducted at 
Paharlpur and Danpur villages respect ively. The s i te at Danpur 
is about 40 km north of Paharipur vi l lage. The data of these pump 
tests were analysed and the various aquifer parameters were 
determined which are tabulated as under : 
Summary of Observations 
Site Paharipur 
District Alignrh 
Duration of pumping 1605 minutes 
Discharge 2HH4.3H iir^/day 
SnlurnlocI tlilcknnnn tnppnd 2/1.2f) inolroR 
Static water level in 7.36 metres 
Main well 
Observation well 6.98 metres 
Distance of the observeTtlnn 30 metrns 
wull Iruiii lht3 pumping woll. 
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Analysis of Data 
The time drawdown field data curve resembles the 
typical "time-drawdown" curve for an unconfined aquifer with 
delayed yield and sug|?est unsteady state flow conditions at the end 
of pumping. 
Undor tho prevailing flow conditions, Jacot) (t VR R) 
and Boulton's methods of analysis were selectively used for the 
determination of aquifer parameters (36a Q 3Gb). 
Evaluation of mjmplng Test Data Analysis Results 
The aquifer parameter evaluated are tabulated as below: 
Method of Plot Data used Value of T S K 
? 
m /(lay 
Jacob (t V s) obs.well 2031.5 0.095 71.88 
s 
Boulton's obs.well 20R7.7 0.084 73.87 
method 
The time-drawdown curve of Paharipur test well suggests 
development of second and third stages only. The first stage is 
indicative of confined condition as is seen to have not developed. 
Consequently the third segment data have been analysed by Jacob 's 
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mothod for tho ovnluntian nf T nnd S . Dntn hnvo nlsn boon 
analysed by Boulton's method which yield matchlnfi resul ts for the 
late match. The initial data could not be analysed by Boulton's 
method due to non-development of first segment of time-drawdown 
curve. 
In view of foregoing point an average of the values 
obtained by Jacob and Boulton's method are tabulated as under. 
2 
(a) Transmissivity 2059.6 m /day 
(b) Specific yield 8.95 
(c) Hydraulic conductivity 72.88 m/day 
Aquifer Test at Danpur 
1. Name of s i te Danpur 
2. Discharge maintained 328 m / d a y 
3. Duration of puiiijjlng 1220 iiilnulos 
Distance t)otwoon [)um[)0(l well nnd obRnrvntion wnlls : 
(i) O.W. I 20 metres 
(l i) O.W. II 40 metres 
Static wator level t)nlow tho mpasurlng point 
(i) Obs. well I 7.68 metres 
( i i ) Obs. well II 7.34 mntrns 
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AnnlyslB of Dntn 
Time-drawdown field data curves of observation wells 
resemble the typical "tlme-drawdown-curve" for a confined aquifer, 
and suggest an unsteady state conditions at the end of pumping. 
Under the prevailing flow conditions, The l s ' s and Jacob ' s method 
for analysis of drawdown data have been selectively used for the 
determination of the aquifer parameters (Fig. 37 a, b 6 38 a, b ) . 
Evaluation of Results 
Aquifer parameters evaluated are tabulated as below: 
SI. No. 
1 . 
2 . 
3 . 
4 . 
Method 
Theis 
Jacob 
Thels 
Jacob 
Plot 
t 
t 
t 
t 
V 
s 
V 
s 
V 
R 
V 
s 
S 
S 
S 
S 
Data uBod 
O . W . I 
O . W . I 
n . w . II 
O . W . 11 
T{m / d a y ) 
544.05 
522.29 
522.29 
523.88 
S 
24.56x10"^ 
3.67x10"'* 
1.13x10"'^ 
1.36x10"^ 
Since the Hold data curves of observation wells match well 
with Theis type curve, the hydravilic propert ies of the aquifer 
determined by Theis method alone have been taken as best 
approximation of a(|ullor pat'ciinfitors. 
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Tho parameters determine by Jacob ' s method has also 
yielded matching resul t s . 
It may be concluded that tested aquifer has the following 
hydraulic proper t ies . 
2 
(a) Transmissiv i ty = 528.12 m /day 
(b) Storativity = 7.75 x lU""* 
(c) Hydraulic conductivity = 37.7 m/day 
The study shows that aquifers occuring below 50 metre 
around Atrauli area behave as confined aquifer and those occuring 
above 50 metres are unconflned in nature. 
The pumping tests data analysis of wells at Paharipur, 
Tlkta and Chharra wells show that except for deep aquifers 
occurring below 90 metres depth below ground level are all 
Interconnected and represent an unconfined state of disposit ion. 
The same is assumed true for the entire area lying south and 
south ORRt nf Chhnrrn tiptn KriRRnnj. 
The study further shows that aquifer In the Ganga-Kall 
basin are highly potential down to 140 metre bgl and are capable 
to sustain the future demand of water supply for various uses. 
However, the declining trend in water level is limited to shallow 
aquifers, which is resultant of excessive withdrawal with complete 
disregard to proper well spacing. The depletion of shallow aquifers 
can be contained through artificial recharge by introducing canal 
networks. 
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The exploratory drill ing carried out by the ONGC shows 
that the Quaternary alluvium unconformlbly rest on Neogene Siwalik 
sandstone at 360 metre depth at Kasganj. The electr ical logging 
data of the borehole at Kasganj show that the Quaternary sediments 
down to 360 metre are all fresh water and also the Neogene 
occurring below 360 down to 410 metres are also fresh. However, 
the quality of groundwater below 410 metre are of saline nature 
(Pathak, 1985). In the light of above information it can safely 
be said that there is an ample scope of large scale groundwater 
exploration down to 410 metres. It is therefore suggested that all 
aquifers occurring below 150-410 metres be quantitatively and 
qualitatively explored thoroughly which should immediately bo 
followed by large scale groundwater development in a systematically 
planned manner to meet any future demand of water supply in the 
Ganga-Kali sub-basin. 
CHAPTER - V 
GROUNDWATF^ R IIAI.ANCF 
A r iver basin forms a closed system of surface and 
groundwater. Therefore, It Is essential that various aspects of water 
in transit through a basin are quantitatively evaluated and definite 
rGcammondatlons In regard to Its dovolopmont are mndo. 
Quantification of groundwater and surface water resources 
of any basin involves the application of principle of conservation 
of mass, to account for quantitative changes occuring In various 
components of hydrologic cycle as applied to the basin. The 
quantitative changes may be expressed as water balance equation In 
which the inflow-outflow and change In storage in a period of time 
are represented by Individual components. The groundwater balance 
may be expressed in the form of an equation as 
I - 0 = ± AS 
I = Inflow 
0 = Outflow 
A s = Change In storage 
Groundwater is n roplnnishnblo rosourcn. Rnflned quantitntivn 
answers are needed for drawing up plans for i ts utilization, 
management and conservation. The heavy domniid of groundwater 
sometimes leads to excessive withdrawals and indiscriminate 
utilization which is often reflected in serious imbalance of 
hydrogeological situations at later date. It is thorefnre, impnrntivo 
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to identify the various recharge and discharge, components of 
groundwater regime and their effect on i ts variation with time. 
In the state Uttar Pradesh, on one hand, there is a large 
scale water logging in all the canal command areas whereas In the 
tubewell irr igated areas water levels show a declining trend due to 
over-development of the shallow eqiiifers. Moreover, with the advent 
of high yielding var ie t ies of wheat and paddy which need assured 
and timely irrigation, has accelerated the pace of groundwator 
development through large number of shallow farmers' tubewells in 
rural areas . Undor tho nlrcumRtniicoB, thn sltuntlnn nncnBsltntnB nn 
far as possible, the precise evaluation of groundwater resources of 
a basin or part of i t . 
In the Ganga-Kali sub-basin, the area which l ies between 
Ganga and Nim r ive r s , is water logged bocauso of tho canal networks 
and consequent seepage, where as the area falling under Nlm-Kali 
interfluves, the groundwater levels show a very well marked declining 
trends since past few decades. The declining water table can bo 
at t r ibuted to the large scale groundwater development through clusters 
of shallow and deep tubewells. 
The study area thus presents extreme situations of water 
logging on the one hand and the declining trend on the other . 
However, the scenario necessitates the evaluation of total groundwator 
recharge and discharge in order to qunntlfv thn total wotnr rnRourrns 
of the Ganga-Kali sub-basin in parts of Allgarh and Etah d is t r ic t s 
of the Central Ganga plain. 
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GroiindwQtor Rochorgo: 
Evaluation of groundwater recharge parameter forms an 
important aspect of groundwater resource evaluation. It Involves 
hydrometeriological and hydrological processes taking place on the 
surface and also involves suh-surfare llthologlcal character is t ics 
(Baweja S Karanth, 1980). 
Various estimations of groundwater recharge in the country 
have been made (Rao, 1965; Raghava Rao et^ ed., 1964; Irrigation 
Commission 1972 and Pathak, 1982), while the ear l ier estimations were 
based on adhoc norms not supported by the field t e s t s . A large 
amount of data generated in recent years as a result of the extensive 
multi-disciplinary project studies undertaken by both the Central 
Groundwater Board as well as by State Groundwater Department have 
made real is t ic appraisals ra ther easier . The major source of 
groundwater recharge in the area are as under: 
(1) Recharge through rainfall 
(2) Recharge through canal seepage 
(3) Recharge through irrigation return flow 
There are various methods to estimate groundwater rochorgo, 
tvyo of thorn nro ns unrinr. 
(1) Water-table fluctuation method 
(2) Rolnl'oU-rochnrgo inotliod Ad-lioc norms 
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In view of the prevailing irrigation pattern in the area the 
quantum of seepage to the aquifers will be very significant. Hence, 
the estimation by seasonal fluctuation and specific yield have been 
adopted for the evaluation of groundwater recharge in the present 
s tudy. 
Monsoon (Recharge) 
Geographical Area = 1340 sq km 
Water table fluctuation = 1.3 m 
Specific yield = 9% 
I.M.D. normal yearly ralnfall(mm) = 697.2 mm 
I.M.D. normal monsoon rainfall = 624.35 
I.M.D. normal non-monsoon rainfall = 43.8 
Average rainfall of the observation = 708.15 
year (mm) 
Monsoon recharge have been calculated by the formula given by 
groundwater estimation committen. 
Monsoon = (Geog. Area x Sp. yield x W.T. Uuctuatlon) + gross 
kharif draft - (monsoon canal seepage + monsoon seepage 
from surface water Irrigation + monsoon recharge from 
groundwater irrigation) x 
Normal monsnnn r a i n f a l l ^ ,.,r,,^r,^„„ i <,.,„« r 
T-7-; + mnnsnon rochnrgo f rom 
Average monsoon raintall 
sur fncn i r r i g n t i n n ^ mnnsnnn rnnhnrgn from (;nnnl Ronpngn. 
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(1340x0.09x1.3)+56.27-(46.57+97.52+14.06)x4|Zl| + 
788.5 
97.52+46.57+213.05-(158.15) 0.88 + 97.5+46.57 
213.05 - 139.83 + 97.5 + 46.57 
217.29 M.C.M. 
Monsoon recharge for the entire basin has been estimated to be 217.29 
M.C.M. 
B. Non-Monsoon Rechargo: 
Non-monsoon recharge estimated for the basin is given below. 
Geographical area = 
Non-monsoon rainfall = 
Infiltration factor 
Non-Monsoon Recharge = 
1340 
46.7 
25% 
1340 
15.64 
squa re 
mm 
X 0.25 
10"^  
, M.C.M 
k i lomete r 
X 46.7 
Total non-moiisuun Kochorgo = 15.64 + 1(J2.6'J ^ 49.(J6 
= 169.39 M.C.M. 
Recharge through return seepage from applied irrigation: 
To evaluate the irrigation return flow to the groundwater, 
the irrigated area and volume of water applied for irr igation are taken 
Into consideration for working out the total volume of water applied, 
of which 30% is assumed to return to groundwater body. Crop-wise 
-106-
return seepage in the area has been calculated < in the basin which 
is given as below. 
Recharge through irrigation return flow 
Crop Type 
Mansoon 
1 . K h a r i f 
Non-Monsoon 
2. Rabl 
3 . Za id 
Area 
I r r i g a t e d 
609.5 
823.8 
85.49 
Average 
wet ted 
d e p t h 
( f M l 
0.4 
0.4 
0.15 
I r r i g a t i o n 
Water 
a p p l i e d 
243.8 
329.5 
12.82 
Seepage 
fac to r 
40% 
301i 
30% 
Roopngo 
M . C . M , 
97.52 
98.85 
3.84 
The total quantum of the irrigation return flow is computed to be 200.1 
M.C.M. 
Quantum of Recharge due to Canal Seepage 
The seepage losses from the canal have been estimated 
by using the formula given by Satish Chandra (1983). He opined that 
the following formula was applicable to the alluvial region of Uttar 
Pradesh. 
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w = 0.005 c (B + D) • ( i ; 
where, 
3 
W = recharge from canal In m / s /km length of unllned 
canal. 
B = bed width, in m. 
D = water depth in m. 
C = a constant being 1.0 for Intermittently running and 
0.75 for constant running canal. 
Using the above formula, the quantum of seepage from canal net work 
in the area has been calculated here as below. 
Recharge from Canal Seepage 
(a) Seepage from the Lower Ganga Canal 
Total length of canal 
travGrslng through thn Htudy nron - 37 km 
B = 73.17 m 
D = 3.5 m 
C = 0.75 
W = 0.005 C (D + D/^"*'^ 
= 0.005 X 0.75 (73.17 + 3.5)"'^'^ 
= 0.0686 m^/s/km 
Total seepage in the basin through the total length of the Lower Ganga 
canal. 
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0.0686 X 37 
2.54 m^/s 
Total Non-Monsoon Recharge by the Lower Ganga canal 
= 2.54 X 60 X 60 X 24 X 182 
= 39.94 M.C.M. 
Similarly monsoon recharge by lower Ganga canal = 39.94 M.C.M. 
Seepage from intermittently running Upper Ganga Canal 
Total length of canal traversing through the study area = 34 km 
C = 1 
B = 5.64 
D = 0.94 
W = U.005 C {U + U)"-^'"^ 
0.005 X 1 (5.64 + 0.94)° '^^ 
0.005 (3.53) 
0.017 m^/s/km 
Total seepage in the basin through the total length of the canal 
34 X 0.017 
0.601 m^/s 
Monsoon Seepage 
Total running days during monsoon = 107 
0.601 X 60 X 60 X 24 X 107 
5.56 M.C.M. 
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Non-Monsoon Recharge through the Upper Ganga Canal 
Total running d a y s during non-monsoon = 144 
0.601 X 60 X 60 X 24 X 144 
7.47 M.C.M. 
(c) Seepage from Hardoi Distributary 
Total length of canal = 11.7 km 
B 
D 
C 
W 
= 
= 
= 
-
3.04 m 
0.625 
1 
0.005 1 .0.67 
0.005 X 1 (2 .38) 
= 0.0119 m ^ / s / k m . 
Total Soopngn through ttio on t lm Imigt)) of llnrdol DtBlrlhutary 
0.0119 X 11.77 
0,140 in'^/R/kiii 
Monsoon Sonpngn thrniiRh thn Ilnrdoi DiRtribiitnrv 
Total running days diirlnj? monsoon = 32 
0.140 X 60 X 60 X 24 X 32 
3«7().72 
0.38 M.C.M. 
• i i n -
Total Non-Monsoon Seepago 
Total running days during non-monsoon = 35 
n . i 4 n X fin x finx24 x ^r, 
= 0.42 M.C.M. 
(d) Scsopogo from Dadon Distributary 
Total length of canal « 10.5 km 
B 
D 
W 
= 
= 
= 
-
2.13 metre 
0.556 metre 
0.005 (2.13 
0.005 (1.93) 
.0.67 
0.0096 m^/s/km 
Total seepage in the area through the total length of d is t r ibutary 
0.0096 x 10.5 
0.101 m^/s 
Total seepage through Uadon dis t r ibutary during riioiisoon 
Total running days during monsoon = 28 
0.101 x fiO x 60 X 24 X 2H 
0.24 M.C.M. 
Total seepage during non-monsoon period 
Total running days during non-monsoon = 48 
- I l l -
0.101 X 60 X 60 X 24 X 48 
U,41 M.C.M. 
(n) Mnliown Dlntrlliulnry 
Canal length = 12.4 km 
B = 1.37 m 
0.67 
0.67 
D = 0.57 m 
W = 0.005 C (B + D) 
0.005 X 1 (1.37 + 0.57) 
0.005 X 1.55 
0.007 m'^/s/km 
Total seepage in the basin through the total length of the d is t r ibutary . 
0.007 X 12.4 
0.096 m^/s 
Monsoon Seepage from Mahewa Distributary 
Total running days during monsoon = 28 
0.096 X 60 X 60 X 24 X 28 
0.23 M . C . M . 
Non-Monsoon Seepage 
Total running days during Non-Monsoon = 51 
0.096 X 60 X 60 X 24 X 51 
U.42 M . C . M . 
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(f) Bazldpur Distributary 
of canal 
B 
D 
w 
= 13.14 km 
1.21 m 
0.48 m 
0.UU5 X (J (B 
0.005 X 1 (1 .21 + 0 . 4 8 ) ° " ^ ^ 
0.005 X 1.42 
0.0071 m^/s /km 
Total seepage In the area = 13.14 x 0.0071 
0.093 M . C . M . 
Monsoon Seepage 
Total running d a y s during monsoon = 28 
0.093 X RO X 50 X 24 X 28 
0.22 M . C . M . 
Non-Monsoon Seepage 
Total running days during nnn-ninnsonn = 51 
0.093 X 60 X 60 X 24 X 51 
0.40 M . C . M . 
Total Non-Monsoon Seepage through the canals and d i s t r i b u t a r i e s , 
= a + b + c + d + e + f 
39.94 + 7.47 + 0.42 + 0.41 + 0.42 + 0 .40 
49.06 M.C.M. 
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Total Monsoon Seepage = 39.94 + 5.56 + 0.38 + 0.24 + 0.23 + 0.22 
throuRh cnnnlR 
- 4(i.r.7 M.C.M. 
Cross Groundwater Recharge in the Basin 
The gross groundwater Recharge = Monsoon Recharge + 
Non-monsoon Recharge 
217.29 + 1G9.39 
384.68 M.C.M. 
The gross groundwater recharge in the entire area under investigation 
is estimated as 384.08 M.C.M. 
Recoverable Recharge 
85% of the gross recharge as obtained above is taken 
to be recoverable recharge for irr igation. 
Total groundwater resource for irrigation 
= riross Recharge x 0.R5 
384.68 X 0.85 
326.97 M.C.M. 
GROUNDWATER DRAFT : 
The discharge of groundwater in the area mainly takes 
place through state tubewolls, shallow farmer 's tubewells, pumping 
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BOts and porsian whools. nnsirios a InrRB quantity of tho Rrnund 
water joins the bounding r ive r s i . e . the Ganga and Kali, however, 
the dtRchnrgo or hnsn flow Into tho r lvors ntn. Is not tnkon Into 
the consideration'due to paucity of data. In present study, only the 
yroas onnunl drnft from tho nxIntlnK K''"iJ'>dwnlnr HtiiicluroH U\ liikoii 
into account for calculating the groundwater discharge. In the study 
area, there are 343 deep tubewells, 6142 shallow farmers ' tubewells, 
4096 pumping sets and 1212 persian wheels. 
The unit drafts for these groundwater structures have 
been estimated by the State Groundwater Department, Uttar Pradesh, 
for this area (Hasan et a l . 1982) have been utilized in the evaluation 
of the groundwater draft . 
Groundwater draft in the basin 
(a) Total number of State tubewells = 343 
Unit draft of each tubewoll = 0.17 M.C.M. 
Total draft by the State tubewells = 343 x 0.17 
r)H.31 M.C.M. 
(b) Draft by shallow farmers' tubewells 
Total number of shallow tubewells = 6142 
Unit draft for each shallow tuhowoll = U.OIHO M.C.M. 
Total draft = 6142 x 0.0188 
115.77 M.C.M. 
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(c) Draft by pumping 
Number of pumping sets = 4 096 
Unit draft for each pumping set = 0.0109 M.C.M. 
Total draft = 4096 x 0.0109 
44.95 M.C.M. 
Draft by Porsian Whools 
Total number of persian wheels • 1212 
Unit draft for each persian wheels = 0.005 M.C.M. 
Total draft = 1212 x 0.005 
6.06 M.C.M. 
Total draft In tho basin: 
58.31 + 115.77 + 44.95 + 6.06 
225.09 M.C.M. 
Monsoon draft = 56.27 M.C.M, 
(25% of the total draft Is taken as monsoon draft) 
Net Annual draft = 157.56 M.C.M. 
Water Balance 
I - 0 = ± AS 
I = 326.97 M.C.M. 
0 = 157.56 M.C.M. 
326.97 - 157.56 = ± AS 
169.41 M.C.M. = +AS 
Plate 7 - Shallow farmer tubewell. 
PLATE 7 
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The above evaluation of groundwater resource in the area shows that 
169.41 M.C.M. utlliznblo rosourco lios in balance, hence thoro is 
an ample scope for fur ther development of groundwater. 
Groundwater Potential and Stage of Development 
Gross ground- Net ground- Gross ground- Net Balance Stage 
water Recharge water rechar water draft Ground G.water ground 
M.C.M. ge (85% of M.C.M. water avai la- water 
groBB) draft Inblo dnvolop 
ment 
384.68 326.97 225.09 157.56 169.41 48.18% 
STAGE OF GROUNDWATKR DKVKLOPMKNT 
The stage of groundwater development in the Investigated 
nron ns pnr thn 'AF^DC 1979 (Agrlrnlturnl Hnflnnnnn mid Dnvnlnpniniit 
Corporation) norms is evaluated as follows. 
Nnf y n n r l y f h n l l 
Stage of groundwater = X llJU 
development Net recoverable r e c h a r g e 
157.56 X 100 
Stage of groundwater = 
development In the 326.97 
Ganga-Kali sub-basin 
Aron whnrn thn stngn nf grnnndwntor flnvnlopmnnt Is lrm=! thnn 65% 
falls under the 'White' whero the stage of groundwater dnvnlopmont 
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ranges between 65 to 85% under 'g rey ' and an area where the stage 
of groundwater development is more than 85% falls under the ' d a r k ' 
categories. 
Accordingly, the stage of groundwater development in the 
area works out to be 48.18% whicli naturally putR it under the 'wlil te ' 
category with the sole exception of Atrauli Block covering nn nron 
of 279 square kilometer around Atrauli town where the stage of 
groundwater development has exceeded 65% and hence falls under the 
' g rey ' category. 
In view ol 48.18% ot groundwater development, tliere la 
large groundwater surplus available for further development in the 
basin which can be utilized through the construction of atleast 588 
3 
deep tubewells with pumping rate of 150 m /hour at a drawdown 
varying between 4 to 6.5 metres with a well spacing of 237 metres. 
Besides it about 3670 shallow tubewells having discharge of 30-50 
3 
m /hour at a economic drawdown and well spacing of 150 metre may 
also be constructed, In n phnsod mnnnor over n period of 5 yonrR. 
The above evaluation of 1694 M.CM. of uti l izable resource potential 
pertains to the water table aquifers only. The confined aquifers 
occuring below 90 motro down to 150 metro dnpth have onormous 
groundwater resource potential as evinced by their aquifer character-
is t ics (T = 528.12 m^/dny S = 7.75 x lo"' ') which nro l)nlng 
may 
abstracted and /further be tapped through large numbers of tubewells 
Rorond over the ontiro area. 
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At present the Rroundwater development 1B confined down 
to depth of 150 metres only. The thickness of alluvium Is only 360 
metres which over lies 260 metre thick Neogene Slwalik sandstone 
which further down, Inturn unconforiinbly overl ies the uppor 
Vindhyans at 620 metres below the land surface. However, the 
aquifer down to depth of 410 metres are fresh which includes 360 
metres of Quaternary alluvium and 150 metre Siwalik sandstone. 
Aquifers, occurring in depth rnngn of 410-620 mntres nro reported 
to be saline In nature (Pathak, 1985). However, future dovolo[)mont 
of groundwater in the basin should be taken up in a big way through 
a systematically planned exploratory dri l l ings programme to evnlunto 
precisely the total groundwater resource potential of the Uanga-Kall 
sub-basin down to the depth of 410 metres or more. 
nosldoR the nbnvn Ruggnstlon n constant monitoring of 
water level in the basin must be carried out simultaneously in order 
to keep watch on any adverse effect which may entail as consoquont 
to heavy withdrawal of groundwater. There should be an increasing 
emphasis on basin wise analysis of groundwater system. In the ynnrs 
to come hydrogoologlst working in the Ganga-Kall sub-basin should 
adopt a system analysis approach to visualise the effects throughout 
whole hydrologic systems of various groundwater exploration 
development and management projects . 
Finally, according to Walton "There is increasing 
awareness that wherever the nation hopes to make full use of i ts 
resources to meet i t s progressively increasing requirements for water. 
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i t must develop and maintain a continuing inventory that w i l l show 
the quantit ies of water passing through each phase of hydrologic 
cycln (F^rnnlpltntlnn, In f l l t rnHon, runoff nvopotrnnHplrntlnn, nnd 
groundwater) and permit a per iodic accounting of the water storage 
in the so i l , in surface reservoi r and in groundwater reservo i rs . With 
th is quanti tat ive information, and appl icat ion of sound hydrologic 
p r inc ip les , f u l l development of water resources can be ach ieved" . 
CHAPTER - VI 
HYDROCHKMISTRY 
Qiinllty of Rroundwntnr 1R fnr mnro iini)ortnnt l iko llR 
quantity. The water being universal solvent , i t s purity can not 
remain intact. The concentration of elements in natural water i s 
governed by several factors l ike nature of strata through which 
it i s circulating, soi l character i s t ics , contamination due to ac t iv i t i e s 
of man etc . Brief ly, the chemical quality of groundwater i s an index 
of i t s complex flow h i s tory . 
In order to study water quality in the study areas, 
samples from surface and sub-surface water bodies were co l lected . 
In a l l , 77 water samples were collected during June 1988 from 
different groundwater structures spread over the entire area. 
Besides i t , 10 water samples were randomly col lected during June 
1989 to check the change in water qual i ty , if any. Out of 77 
s amp le s , 45 were analysed for major element and 47 samples were 
ana lysed for t r ace elemnnt s t u d i e s . 
S imi la r ly water samples col lec ted from the Ganga, and 
Knli rlvoPH nnd Ihn lownr (Jnuxn cannl \v(>ro [UHO muilyBisd for majiu' 
and t r ace element s t u d i e s . 
METHODOLOGY AND MATERIALS USED 
Sampling Techniques: 
The Rnmplo for iiia)()r ion cluMiiiRli'v wnifs col loctfid In woll 
cleaned 1 l i t r e capac i ty double s toppe red po ly thene b o t t l e s during 
• 1 2 1 ' 
June, 1988, 1989. Prior to sampling the bottles were carefully 
cleaned with concentrated HCl then rinsed with tap water and finally 
with dist i l led water. The bottles were then dried at 103°C for 
one hour, cooled to room toiii|)Brnture, capped and labelled. 
Finally, the water sample bottles wore rinsed with the water to 
be sampled. The samples were taken from different groundwater 
structures l ike open wells, shallow and deep tubewells in duplicate 
as per the normal procedures (Handa, 1989). One group of water 
HnrnploH wnR kept for phynlf:()-(:linmlr:nl nxnii i lnntlon, w h i l n Ihn olhtir 
was immediately acidified with 10 ml 6N HNO for the trace elements 
determination. Sample after nnllnrtlon worn cnpfind nnd sonlnd with 
wax immediately in field itself. 
Analytical Procedure: 
The physico-chemical character is t ics of water samples were 
dotorminod nccordlng tn the stnndnrd mnthnds (AF I^IA, 197ri; .InrkRon, 
1958; Trlvedi and Goel, 1984) in the geochemlcal laboratory of the 
Geology Department, A.M.U., Allgarh. Samples for heavy metal 
analysis were filtered through fil ter paper Whatman No. 42 and 500 
ml of ll\<5 flll(U(ul (umiphm word (U:U1111(M1 aaiihi wllh 5 ml ul NllNt)„ 
before concentrating to 50 ml (Pnrknr, 1972). Thn cnncnntrntnd 
samples for heavy metal l ike Zn, Cu, Fe, Mn, Sr, Li concentration 
were analysed using G.B.C. 902 Double Beam Atomic Absorption 
Spectrophotometer in the same labaoratory. A blank sample was 
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made for each spectrophotometric analysis In order to account for 
any Instrumental e r ro r . 
Trace element l ike Pb, Cd, Cr were analysed by Inductive 
Coupled Plasma Spectrophotometer at USIC, Roorkee. The analytical 
tochnlques adopted for the ostlmntlon of various conRtltuonts linvn 
been given In the table as below: 
Table 10: Analytical techniques for chemical analysis . 
S.No. Constituents Techniques employed 
1. pH pH conductometer 
(consort-Belgium) 
2. 
3 . 
4 . 
5 . 
6. 
7 . 
8. 
9 . 
10 . 
1 1 . 
12 . 
EC 
^°3" 
Hco;j 
Cl" 
s o " 
4 
Total Hardness 
T.D.S. 
Na* 
K^ 
Co 
+ + 
Mg 
II 
Titration 
II 
II 
Turbidimetric 
Titration 
Volumetric 
Atomic Absorption 
Spectro photometer 
II 
II 
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KliSULTS 
Analytical results of water sample collected from 
observation wells and deep tubewells and r ivers and canals are 
given in Appendices. (VIII, IX, X « XI) 
Hydrogen Ion Concentration: 
The pH refers to the activity of hydrogen ion concentration 
in the water, expressed as the negative logarithm(base 10) of the 
H activity in moles per l i t r e . At a pH of 7, the H"*" activity is 
-7 
10 mol/1 and the solution is considered neutral while the pH is 
less than 7 behaves as an acid. Further, at pH above 7, the 
solution reacts l ike base. The European standards for the drinking 
water of W.H.O. do not give any range of values for the pH. 
However, In the International Fdition of W.H.O., it is said that 
pH is likely to give r ise off taste and to promote corrosion. The 
highest desirable level quoted is 7 to 8.5 while the maximum 
permissible level is given as G.n in 9.2. In tiin report of the 
committee on water quality cr i ter ia of U.S. Department of Interior 
the permissible range is given as fi.f) to 8.5. The above range of 
value was quoted as desirable c r i t e r ia . 
Ill goiioral, tlio groiiiulwator- In liin iire.'i is iiiodoralol y 
alkaline in reaction. pH generally was found to vary from 7.5 to 
8.8 (luring tho ynnr 1f)88, wlilln in .Juno I'lllf) II rniigod holwrnm 
7.5 to 8. The pH values of the groundwater samples of the study 
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area indicate that though the groundwater is alkaline in reaction 
but It falls well within the l imit. 
ELECTRICAL CONDUCTIVITY (umhos/cm) 
Electrical conductivity is a measure of the mineralisation 
and is indicative of the salinity of groundwater. It is a useful 
determination in order to see if the quality of water has suffered 
an exceptional rapid change. 
The electrical conductivity with 400 umhos/cm at 25°C is 
considered suitable for liuman consumption. In the study area, 
electr ical conductivity values of water samples were found to range 
between 261 to 1500 umhos/cm during June 1988.In 1989 it ranged between 
345 to inn? umhos/cm. Thn (FiRurn-39) shows thn nlnctrinnl 
conductivity distribution in the study area. A perusal of figure 
Indicates that in the major par ts of the area electr ical conductivity 
ranges between 250 to 750 umlios/cm, except at Atraull area whore 
the E.G. is observed more than 750 umhos/cm. Higher values of 
olectrlcai conductivity wore also rocovorod nt (ililnauna, Ikhauna 
and Sankra village I . e . 700, 850 and 1500 umbos rospoctivoly. 
MAJOR ELEMENTS 
CnrbunaloB: 
The concentration of carbonates was found to range between 
0 to 36 ppm during June 1988 and between (> to 21 ppm in 1989. 
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In general, the concentration of carbonate In the study area was 
found less than 10 ppm. 
Bicarbonates : 
The bicarbonate content in the groundwater is dependent 
upon the part ial pressure of carbondioxide in the soil and 
consequently bicarbonate shows wide fluctuations. Bicarbonate 
associated with carbonates affect the alkalinity of the groundwater. 
The bicarbonate concentration in the study area was found to rango 
between 177 to 592 ppm during 1988 and 268 to 412 ppm during 1989. 
The groundwater containing 600 ppm of bicarbonate is considered 
fairly safe and good for irrigation and domestic purposes. A 
perusal of (appendix - VIII <j X) shows that concentration of 
blcm'buauto lloa woU within tho pofiiilutilblo lliiillH. 
Chloride : 
The concentration of chloride In the grnunriwntnr of the 
study area varies between 17.75 to 186 .7 ppm during June 1980 and 
between 43 to 142 ppm during June 1909. 
As per the standards of l .C.M.R. plainly, puts the 
desi rable limits of chloride in drinking water to bo 250 ppm and 
excessive limits as 1000 ppm it is considered suitable for drinking 
as well as for irrigation purposes. The (W.H.O., 1984) European 
standards suggests that above 200 mg/lltre there may be trouble 
in corrosion of hot water system and they suggest that in no 
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cii t iuiuHluiicub u h o u l d tlio lovit l oxcntnl (iOO i i iK/Ulr t i . l l i t i liiluiilH 
and young children may suffer if they consume water high in 
chloride as their delicate kidney tissues may bo damaged by the 
higher osmotic pressure brought about by the presence of high 
concentration of sa l t s . 
Appendix shows that concentration of chloride is with in 
the permissible l imi ts . 
Sulphate : 
High concentration of sulphates in association with sodium 
or magnesium have an aperient action and therefore note has to be 
taken on concentrations of the other substances when one Is 
considering the permissible concentration of sulphate . 
Excess of sulphate might give r i se to gastrointestinal 
i r r i ta t ion when combined with magnesium or sodium. At higher 
concentration sulphate can have laxative effect (W.H.O., 1904). 
Water containing magnesium sulphate at levels lUOO mg/1 acts as 
purgative In adults wlilln Inwnr cnnnnntratlnn may affect new usnrs 
and children. Sulphate generally have less affect on taste than 
chlorides and carbonates. Tastn throshholris vary according to the 
associated cations and are in range of 200-500 mg/1. 
The sulp hate concentration In the water samples of study 
area was found to range between 43 to 271 ppm during 190n and 
75 to 200 ppm during 19fl9. The al)ove concnntration of Rui|)lialn 
is fairly safa for drinking purpose. 
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Sndlum : 
Sodium cnncontrntlnns In rirlnklriR wntnr dnpnnrl nn fnctnrs 
such as hydrogeologlcal condit ions, the season of the year and 
Indust r ia l ac t i v i t i es . As per the recommendations of W.H.O., 1978, 
the intake of sodium should be reduced In order to protect human 
health as i t contributes to thn large incirinncn nf h igh blood 
pressure and possibly cardiac fai lures too. Moreover, t l ie sudden 
cot death of infants is at t r ibuted to the high sodium content of the 
a r t i f i c i a l feeds (prepared w i th water Q containing h igh sodium 
content) and dr ied cow m i l k . 
The guideline value of sodium Is given as 200 mg/ l l t re 
which is bnsod on tnRtn conRldnrntlnn (W.H.O., 1984). Thn 
concentration of sodium In the groundwater of the study areas was 
found to range between 13.15 to 150 ppm during June 1988 and botwonn 
30 to 139.2 ppm during June 1989. The highest concentration of 
sodium (15U ppm) was rocordod in tho gioundwntoi- Bnmplo coUnctod 
from Rukhela observation we l l . The higher concentration may 
possib ly hn dun to l i thnlnginnl rnn t rn l . Thn l l thnlnglcnl Rntpinnnn 
at Rukhela Is as fo l lows: 
Lithology Depth range 
0 - 3 Clay 
3 - 6 Clay Kankar 
(i - 18 S.'iiid 
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The p r e and post-mnnRonn wntnr Invol rnrnrrlnri nro 9.1 nnci 
U.G iiiolro rnRpfictlvnlv, Vf't tlinrn 1R IniKn Rcnln RDII Rnllnlzntloii dun 
to throG rnetros th ick hard pan which occur throo rnotros bolow Iho 
land surface and immediate ly below it l i e s 12 metre th i ck aqu i f e r . 
nurlriR tlin monnotin nnnnoii llin nnlln pnifiolnlnn Into \\\n nijulfoi- lyl 'i^ 
below 6 metre dep th ra is ing t h e r e b y the high leve l of sodium. 
Potassium 
The ana ly t i ca l r e su l t s show that the concentrat ion of Potassium 
v a r i e s from 8 to 85 ppm during June 1988 and 177 to 135 ppm during 
June 1989. The concentrat ion of K i s genera l ly low in groundwater of 
the a r e a . No d e s i r a b l e or e x c e s s i v e l imit for K concentra t ion i s fixed 
but 1000 to 2000 ppm i s cons ide red as the e x c e s s i v e l imi t for K in 
the d r ink ing wa te r . 
Calcium 
It i s the most common const i tuent p r e sen t in the ground water 
of the a r e a . The d i s so lved CO s p e c i e s genera l ly control tlie Ca 
ion concentrat ion in the groundwater ( i ' a thak , 1980) . Iho calcium forms 
on OHRonllnl nlnmnnt niul human body normnlly rntiulroR 0.7 to 2 gram 
in t ake p e r d a y . 
The concentrat ion of Ca in the groundwater of the a rea ranged 
between 29.2 to 74 ppm during June 1988 and 29.3 to 60 ppm during 
June 1989. The h ighes t d e s i r a b l e level of calcium in d r i nk ing water 
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Is 75 ppm and maximum permissible level Is 200 pprn (W.H.O., 1904; 
I .C.M.R., 1975). The values recorded for calcium are well with in 
the l imit . 
Hardness 
Thorn In nvldniico thai donlli rninn Iroiii cnrdhjvnnciiliir 
(llRonHnH nrn hivnpRoly cor-r-nhilnd with Ihn liiirdnnHR ol WIII(M', l)ul tlioro 
is Insufficient proof that e i ther the calcium or the mannesium is 
d i rect ly involved. Puhlic nccoptihllitv of tho doRrnn of hnrdnnss of 
water may vary considorfiJdy from one community to another, depondinR 
upon local conditions and in some Instances a water hardness in excess 
of 500 mg/1 is tolerated. 
The taste threshhold for the calcium ion is In the range of 
100-300 mg/1 depending upon the associated anion. Depending the 
interaction of other factors, such as pi! and alkal ini ty, water with n 
hardness above approximately 200 mg/l may cause scale deposition in 
the distribution system. The guide line value for hardness at 500 mg/1 
(as CaCO ) is t)aRod on tastn and liousn hohl usn consldnrnl Ion (W.II.O., 
1984). 
In water samples of the study area total hardness as CaCO 
ranges between 140 to 3G0 ppm. Figure 40 shows tho total hardness 
distr ibution in the area. The table given below shows the percentage 
of samples falling in different classes on hardness . 
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S.No. 
1 . 
2 . 
3 . 
4 . 
Class 
Soft 
Moderate ly based 
Hard 
Vary linrd 
Range of h a r d n e s s 
a s CaCO (ppm) 
0 - nn 
61 - 120 
121 - IflU 
> 1110 
Percen tage 
nil 
n i l 
42.05 
G7.14 
A perusal of tlio above table sliows that the groundwater In 
the area is hard to very hard in nature. 
Magnesium 
The Indian council of Medical Research (197v5) has given 50 
ppm as an acceptable and 100 ppm as the permissible limits for the 
magnesium in drinking water. The magnesium content of groundwater 
RnmplnR rnngns bnf wnnn 14 to 72 i)pm (hirliiK 1!)HM nnd 1H to 41 i)pm (liirliiK 
1989. Data show that mnst of thn wntnr Rnmplns contain rolntlvnly 
small amount of magnesium than Ca. Further, all values are well within 
the limit of I.C.M.R. (1975). 
Total Dissolved Solids 
The total disRolvotJ solids consist riinlnly of Inorganic 
substances. The principal constituent of which are Calcium i Magnesium, 
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Sodium, Bicarbonates, Cloride and Sulphates. An important aspect of 
TDS with respect to drinking water quality is the effect on the taste . 
The paial lbi l l ty oi wator with a TUS lovol loss tlinn liOl) 
niR/litre is ge^nerally considered to be good whereas at TDS levels 
greater than 1200 mg/litre drinking water becomes increasingly 
unpalatable (W.H.O., 1984); Davis e\^ al_. (1966) has given a 
classification of water based on T.D.S. which is as follows: 
Types of water Concnntration of Total l3lssolvo(l 
Solids in ppm 
Fresh water 0 - 1000 
Brakish water 1000 - 100000 
Salty water lOOOOO - lOOOOOO 
Brine > 1000000 
In the groundwater of the aroa, I'.D.S. tangos botwoon 200 
to 575 ppm during June 19H8 and 225 to (iliB ppm In 19H9, which |)uts 
the groundwater of the area into the fresh category. 
GRAPHICAL REPRESENTATION OF CHEMICAL ANALYSIS DATA 
Results of analysis of chemical quality of groundwater may 
be difficult to in terpre t . To ovorcomo th is , graplilc roprosonlatlons 
are useful for display purpose for comparing analyses and emphasizing 
s imilar i t ies and differences, A variety of techniques have been 
FIG.A1 
VERTICAL BAR GRAPH REPRESENTING 
ANALYSIS OF GROUNDWATER QUALITY 
AT FOUR DIFFERENT PLACE 
- J I 
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developed for showing major cliomlcal constltuonts. I'ollowliig iiiolliods 
are used to show the results of chemical analysis in present s tudy. 
Bar-diagram 
In this diagram each analysis appears as a vert ical bar having 
a height proportional to the total concentration of anions or cations 
expressed in milli oquivnlont per l i l ro . The loft lialf of a bar 
roproRRntR cntlonR and rl^ht linlf nnioiiR. 'Ihonn Rnp.riinntR nrn dlvidnd 
horizontally to show concentrations of major ions group of closely 
related ions and identified by dist inctive shading pat terns . The 
chemical analysis data of four water samples wore solectod from four 
different places and bar diagram was prepared (Fig. 41). The figure 
reveals that at Ganiawali among the cations concentration of Na+K is 
high which is followed by the Mg. The concentration of Ca Is slightly 
low. Among the anions the concentration of HCO" + C0~~ is high and 
SO. and CI are almost in equal proportions. The highest concentration 
of anions and cations are found at Kasganj water sample. At Ulnapur 
which falls in between the Lower Ganga canal and the Ganga r iver , 
the bar digram shows that anions and cations are low in concentration 
Ihrin (I'liiil will I mill KIIIIKIIM|. 
Further, the diagram reveals that concentration of Na+K is 
low in case of Dinapur than the Calcium and Magnesium, while in all 
other samples the Na+K is higher than the other constituents of cation 
group. Similarly among tho anions \\VA)~ + CC)~~:;> '^^ ^^"^ ^'^~• 
STIFFS DIAGRAM REPRESENTING THE ANALYSES OF GROUNDWATER 
QUALITY AT FOUR DIFFERENT PLACES 
F(G.A2 
1 1 1 1 1 1 
NQ+K r 1 1 
P n im.—— L U ( I 1 
Mg( 1 1 
Fe 1 I 1 
1 1 1 1 f 1 
1 1 1 1 1 1 
I 1 iv-l 
MTn 1 1 ^ nv^Uo 
1 1 1 ^ 4 
. .. . _ p^ 1 1 1^03 
1 
GANIAWALI 
WAHIDPUR 
KASGANJ 
DINAPUR 
1 1 1 1 1 1 
5 4 3 2 
Cations in epm 
0 1 2 3 A 5 
Anions in cpm 
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I'attom diagram 
The pattern diagram first sugRested by Stiff (1951) for 
representing chemical analysis by four parallel ax i s . The concontrntion 
of cations are plotted to the left of a vert ical axis and anions to the 
r ight , all values are in milli-equivalents per l i t r e . The resulting 
points when connected from an irregular polygonal pattern. The analysis 
of the four samples were plotted in pattern diagram (Fig. 42). It too 
represent similar situation as evident from bar diagram. 
Trilinear diagram 
Piper (1953) developed a form of t r i l inear diagram which is 
nn offectivo tool in sngrngntlng nnnlysis data for crit ical study with 
respect to sources of the dissolved constituents in groundwater, 
modification in character of a water as it passes through an area and 
related geochemical problems. 
The Piper t r i l inear diagram combined three dist inct field for 
plotting, two triangular fields at lower left and lower right 
respect ively, and on Inlnrvonlng diaiiiond-slinpnd Hold. All thron ilnlds 
have scales reading 100 parts (I-ig. 43). In the triangular field at 
the lower left, the percentage reacting values of the three cation groups 
( Ca , Mg , Na ) are plotted as single point according to conventional 
t r i l inear co-ordinates. The throe anion groups (HCO~ S0~" and Cl~) 
are plotted likewise at the triangular field at the lower r ight . Thus, 
two points on the diagram one in each of triangular fields indicate the 
re la t ive concentrations of the several dissolved constituents of a 
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groundwater. The subtotal of all cations equivalents per million is taken 
as the 100 percent hnso for cnrnpiiting porcontnRofi ronctlnR voluns of 
the several cation var iables , l ikewise for the several anion var iab les . 
'I'lin cnntrnl-fllnriiond-nliniJDd flnld In iinnd t(i nhow fhn ovoj-nll chniiilcnl 
character of the Rroundwater sinRlo point plottinR, which IR nt 
intersection of rays projected from the plottlngs of cations and nn Ions. 
The position of this plotting indicates the relat ive composition of a 
grnundwntor in tnriiifl f)f cntion-nnlon pnIrR thnt cortnRpoiid to Ihn four 
ver t ices of the field. 
GROUNDWATER FACIES 
The concept of groundwater fades was developed by Hack 
(1961, 1966); Morgan and Winner (1962) and Seaber (1962). 
The definition of hydrochemlcal fades Is a paraphrase of the 
definition of f ades as used by geologist; f ades are identifiable parts 
of different naturn hnlongliig to niiy gnnnticnly rnlntorl hotly or syRtniii. 
Hydrochemlcal fades are distinct zone that have cation and anion 
concentrations descr ibable within defined composition categories (Freeze 
and Cherry, 1979). As water flow through an aquifer it assumes a 
diagnostic chemical composition as a result of interaction with the 
llthologic frniiinwork or gnologln nnvlroiiiiiontR. According to Hack (IfKil) 
the term hydrochemlcal fades is used to describe the bodies of 
groundwater in an aquifer that differ in their chemical composition. 
The fades are a function of lithology, solution kinetics, and flow 
patterns of the aquifer (Back, 1966). 
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To designate hydrochemlcal facias of the study area the 
cations and anions percentages have been determined. These values 
were plotted on the classification diagram for anion and cation foclos 
as suggested by Morgan and Winner (19G2) and Back (19(jG). 
The plot of chemical analysis , composition of the groundwater 
on t h n nfDrnnnlrl ( l lnH'ni" linn liroiiHl)! niil t h n f i i l l o w l n H t y p n nf 
hydrochemlcal facies. 
Tho majority of groundwator saiii[)lnR bolong to Hicarhonnlo 
type and only few samples belong to No Dominant type c lass . Among 
the cation facies the water samples fall in class Sodium or Potassium 
type and No Dominant type, and only one sample fall in class Magnesium 
type . 
The study shows that tho groundwater of tho study nrna 
belongs to an alkali-bicarbonate type . 
TRACE ELEME5NTS 
Apart from tho useful functions of thn major Ions tho 
importance of the trace elements have recently been recognised which play 
a very Important role in diot of humnns and animals and tho hnallhy 
growth of the plants . 
The trace element like Fe, Zn, Cu, Pb, Cd, Cr, Sr, Mn and 
Li were determined in the water samples of the shallow and deep 
aquifers. The concentration of these elements were found more in water 
samples of shallow aquifers than of the deeper aquifers. The probable 
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cause may be due to excessive use of fe r t i l izers . Pesticides, 
herb ic ides , agricultural waste, besides house hold refuses and sewage 
disposals e tc . The results of chemical analysis are given in (Appendix 
- IXA 8 IXB). The range of various trace elements are given below. 
Iron 
Occurs in most of the groundwater samples of the area and 
i t s concentration ranges between 0.03 to 1.92 ppm In shallow aquifer. 
While in donpor nqulfor it vnrioR hntwnnn 0 to .3'ir) ppm. 
Lead 
The concentration of lead ranges from 0.022 ppm to 0.8546 
ppm In shallow aquifers while in deeper aquifers it ranges from 0 
to 0.238 ppm. In shallow aquifer the concentration of lead is higher 
than the deeper aquifers. 
Zinc 
'I'ho (joi icoi i l i ' i i thi it of / l i i c ill t h o i i h i i l l o w grii i i iul wi i t iu ' IIIIIII|I1MII 
varies from ,011 to 0.484 ppm while in deeper acjuifer it ranges from 
0.013 to 0.099 ppm. 
Copper 
Concentration of copper ranges from 0.011 to 0.106 ppm in 
the shallow groundwater samples and in deeper aquifer it ranges between 
0 to 0.042 ppm. 
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Cadmium 
Cadmium concentration ranges between 0.0070 to 0.0425 ppm 
In the shallow groundwater and between 0.0081 to 0.0333 ppm In deeper 
groundwater samples. 
Chromium (Cr ) 
The concentration Cr ranges from 0.0290 to 0.1165 ppm and 
from 0.0097 to 0.065 ppm In shallow and deeper aquifer water samples 
respect ively . 
Manganese 
The concentration of Manganese in the water collected from 
the shallow aquifer ranges from 0.013 to 0.700 ppm. In deeper a()ulfnr 
water samples it ranges between 0.01 to 0.076 ppm. 
Strontium 
Strontium behave very much like cnlcium btit Its concentrations 
hi Ihn Rhallow iKiulliit' funiipliir. viirloii iniiii (I.OOH lo 2.07(1 ppm niid 
(Innf)nr nquifnr Rnrjiplns rariRns t)n(vvfH;n ().()()7 to O.fMM |>|)iii. 
Lithium 
Lithium concentration shows a range between 0.016 to 0.039 
ppm in the shallow groundwater samples and In deeper aquifer sample 
it range between 0.007 to .035 ppm. 
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WATKK QUALITY CKlTlilUA IN KliLATlON TO ITS USIi 
The term quality as applied to water embraces the combined 
physical , chemical and biological character is t ic and is a dominant factor 
in determining the adequancy of any supply to satisfy the requirements 
of various water uses. 
The quality of groundwater is a resultant of all processes 
nnd rnnntlnnK thnt hnvn nntnd rm fhn wntnr from thn nifiiiinnf It 
condensed In the atmosphere to the time it Is discharged from wolls 
or springs (Herman el[ aj^., 197H). 
The interpretation of the chemical analysis is highly subjective 
matter and is not possible to have a single cr i ter ia that can have 
universal application. Therefore a certain accepted standard has been 
adopted while doing the Interpretation of chemical nnnlyslR roRults of 
water in relation to i ts use. The main classes of uses a re , 
1. Dnmostic 
2. Agricultural 
3. Industrial 
Wator Quality for DomoBtic and Municipal UROB 
Various orgniilRntlon nil ovor Ihn world Huch OH USI'IIA (lf)(i2), 
World Health Organisation (197S, 19B4) and Indian Cnnnnil of Modinni: 
Research (1975) have laid down certain guide lines for the evaluation 
of wate quality for domestic and Municipal suppl ies . 
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These? standards are based on two cr i ter ia (1) Presence of 
objectionable tastes, Odors or Colours (2) Presence of substances with 
adverse physiological effects. The primary aim of these guide linos 
is the protection of the public health and well beings of the mankind. 
On the same guide line the concentration of vaious major and 
Iraco oloiiionla oncountorod In Iho wnlor Hfi;ii{)]n of tho filudy nrnn nrn 
compared with the drinking water standards of the World Health 
Organisation (1984) and Indian Council of Medical Research which are 
given in Table (11). 
The Table 8 Appendix shows that the concentration of pH, 
bX, Total Dissolve Solids, Cn, MR, CI, No mid K are wlthhi tho 
permissible limits of World Health Organisation (1984) and the Indian 
Council of Medical Research (1975). Hence, tlioy can not cause any 
hazard to the public health in the study area. However, the 
concentration of certain trace elements l ike Fe, Pb, Cd, Cr, Mn has 
been encountered higher than their standard limit In drinking wntor. 
Those trace olnmnnts nrn prntinhly most hnrmfiil and Insidious |iollulnntR 
because of their biological, non-bio-degradable nature and their 
potential to cause adverse effects in human being at certain level of 
exposure and absorption. Tho harmful nffects nrn linked tn thn 
accumulation in biological system ovon In liiolr lowest loriii of 
development. Many workers have studied the quality of drinking water 
in relation tn trace nlnmnnts (nanin and Mc Cnhn, 1975' Nnri nj^  n l . , 
1975; Olwin, 1977; Schroeder and Kraemer, 1974). ^ 
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Those s t u d i e s have ind ica ted an assoc ia t ion between water 
qua l i t y and mor ta l i ty from c a r d i o v a s c u l a r and o the r chron ic d i s e a s e s . 
A s ignif icant p o s i t i v e cor re la t ion between mor ta l i ty from va r ious t y p e s 
of cancer and the concentrat ion of t race metals In water s u p p l i e s has 
a lso been d e s c r i b e d (Berg and Burbank, 1972; Sunderman, 1977) . The 
water supply RyRtoiii Is a major source of metals in d r ink ing water 
{C:rnun Qiid Mr. Cnho, 197r)). Corr i s lon ol dlRlrihii l lnii Rysfom ntifl hnusn 
hold plumbing a lso ron t r l hu t e s to metal content of d r ink ing wate r . 
The t r ace elements l i k e Cd, Pb , Cu and Zn often occur in plumbing 
m a t e r i a l s and have been founrl to leach hito soft flrlnklng water 
(Drinking Water and Health pa r t I, 1977). 
Various t r ace elements determined in groundwater samples 
a r e d i scus sed be low. 
IRON 
Iron i s an essen t ia l element in human n u t r i t i o n . Drinking 
water i s not cons idered to be an important source , when admin i s t e red 
p a r e n t e r a l l y . Iron i s h igh ly tox ic element only when It c r o s s e s the 
p e r m i s s i b l e l im i t . Humans a r e usual ly well p ro tec ted from oral over 
dose but c h i l d r e n from 1 to 2 y e a r s of age a r e p a r t i c u l a r l y vu lne rab l e 
to i ron tox ic i ty from the ingest ion of iron supplements tha t have been 
commercia l ly p r e p a r e d for a d u l t s ) F a i r b a n k s , et a l . , 1971) . The 
presence of P'e can g ive r i s e to an as t r ingen t t a s t e , d i s co lo r a t i on , 
d e p o s i t of rus t and could promote the growth of Iron b a c t e r i a . 
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W.Ii.O. (1984) has recommonded the guide l ine va lue for iron 
as 0 .3 m g / l i t r e . The iron concentrat ion in the water samples of shal low 
and deep aquifer ranges between 0.03 to 1.92 ppm and 0 to 0.346 ppm 
r e s p e c t i v e l y . 
A pe rusa l of append ix ind ica t e s tha t most of the shal low 
aqui for sainplo show h lghor concnntrntlnn of I'n Ihnn i t s poriiiisRlhln 
l imi t given by (W.H.O. , 1984 and I . C . M . R . , 1975) . However, the 
concentrat ion of i ron in d e e p e r aqui fe r wate r samples a r e lower than 
shal low aqui fer s a m p l e s . Tlio h i g h e r coiicoiitratloii of iron may causo 
tox ic effect on the pub l i c h e a l t h . 
Load 
Lead i s a tox ic metal and tends to accumulate In the t i s sues 
of man and an imals , c h i l d r e n and infants , fe tuses in u t e r o . The 
pregnant woman a r e most s e n s i t i v e to environmental lead exposu re 
(W.H.O. , 1977), Synder et_ al^., (1971) have d e s c r i b e d the effect of 
lead poisoning on man. Load lias boon demonst ra ted to be ex t r emely 
d e l e t e r i o u s as r e l a t e d to haRm-biosynthoslK. 
Chlshobn (1971) and Coyer anfi Rhynn (1973) have rnpor tnd 
tha t e l eva ted blood lead d i s r u p t s the blond enzyme de l ta -amlno levul in ic 
a r i d dnhydrn tos (AI.AIl) r ic t lvi ty in hninnn niid c.nn inthicn n rodnctlon 
in haemoglobin. 
Load in high dosns tins tinnn rofuigni/nd for r;nnturinf; as a 
cumulat ive general metabol ic po ison . Some of the symptoms of acute 
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poisoning are t i redness, lassi tude, Slight abdominal discomfort. 
I r r i t ab i l i t y , anaemia and in the case of children, behavioural changes 
(W.H.O., 1984). 
As per recommendation of (W.H.O., 1984, I . S . I . , 1983) the 
hiRhoRt riofllrnhln Invnl nf Innd In drinklnR wntnr \n D.l mg/l. Tlin 
water samples of shallow aquifer In the study shows the lead 
concentration in range of 0.02 to 0.8fi while in water of the denpnr 
aquifers the concentration of lead varies between 0 to 0.2380 mg/l i t re . 
The table shows that the concentration of lead in shallow 
aquifer is generally high than the permissible limits through out the 
area. The maximum concentration of lead was recorded in the water 
sample at Kasi?anj town. The high concentration of lead In shallow 
aquifer water samples may cause health hazards to tlio inhabitants of 
the area . 
Copper 
Copi)nr Is nn nRsniillnl (>lrMiinnt in huiunn iiiotnbolisiiil W .11.0. , 
1973) and is consirinrnd to bo nnn-tnxin for man nt O.Ofi mg/1 Invnl, 
in drinking water. Tho grontost dnngor ol toxicity nrlsos when chlldrnn 
consume acidic beverages that have bean in contact with copper 
container or valves (I'ood and Drug AdiiilnlKtratlon, IfJVf)). Ilowovor, 
few patients with wilson's disease (hepatolenticular degeneration) worn 
advers ly affected by the estimated average intake of copper (Schien 
berg and Sternleb 1965). 
'I'lio caiicoMtratloii ul ccjppni- In llio wntc3r BniiipleB Iroiii the 
shallow aquifers ranges between 0.011 to 0,106 while In deeper 
aquifers water samples it ranges between 0.002 to 0.042 ppin. The 
analytical result (Appedix - IXA 6 IXB) shows that the concentration 
of copper is well within the permissible limit of W.H.O., (1984) and 
ISI, (1983). 
Cadmium 
Cadmium is one of the most toxic to man and animals (Friberp 
nt n l . , 1974) Cndmhiiii Rotn nccnriinlntnd niul Is rntnlnnd iiinhily hi thn 
l iver and kidney, thus causing pathological changes of the hepatocytes 
of the l iver as well as kidney, tubules and glomerular changes 
(Itokawa £t al_., 1974; Colucci £t aj_., 1975). 
The health aspects of cadmium have been reviewed 
extensively by several workers (Fleisher , et a l . 1974; Frlberg et 
a l . , 1974; Webb, 1975; W.H.O., 1977). Among the general population 
ingnstion of fond niul fluids thnt hnvn hnnn nontniiihinind with cndinluiii 
resulted in acute gastrointestinal disturbances such as nausea, 
voiiiltlng, nhdoiiihinl pnin, dl aii-hor'n ntc. 
Mornovor, thn iiio'^ t r:()nniu)n nhnonnnlity from clironic cndiiilum 
exposure involves renal toxicity characterized by proteinurea. Other 
renal disturbances of renal tubular function Include glycosuria, amino 
acid urea decreases the urine cnnrontrating abi l i ty , and abnormnHtins 
in renal processing of uric acid, calcium and phosphorus (Drinking 
water and Health Vol. 3, 1980). 
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Sovornl oFJldomloloRlcnl survovs hnvo BUKKostocJ thnt tlinro 
1B nn InnrnnRnri lnrlflniu;n of (jror.tnfn rniirnr tn f:fi(lmliim wfirknr'n an 
compared to general population. The recommended permissible limit 
of cadmium in drinking water by (W.M.O., 1984 and I . S . I . , 1983) is 
0.01 ppm. The cadmium level detected in the shallow groundwater 
of the study area ranges between 0.0078 to 0.0425 ppm while in the 
deeper aquifer water samples the concentration of cadmium ranges from 
0.0081 to 0.0333 ppm. The analytical results show that tho 
concentration of cnrirnhim In thn shnllnw grniinflwnfnr Is Rllghlly hlRlinr 
than the permissible limit while in the deeper aquifer water samples 
the level is well within the l imits . 
The higher concentration of cadmium in the shallow ground 
water may prove toxic to the inhabitants of the area. 
Chromium 
Because of the low solubility of chromium, generally, the 
levels found in water is usually low (9.7 ug/ l l t ro) National Academy 
of ScioncQ, (1974). Trlvnlnnt chromium rnroly occurs in drinking 
water. Most water borne chromium is in the hexavalent form. 
Hexavalent chromium is much more toxic than trivalent chromium but 
has no nutritional value. Hexavalent chromium may bo absorbed 
through the skin and by Inhalation and corrosion. Sign of toxicity 
by these compounds include hemorrhage of the gastro inntestinal tract 
after Ingestion, ulceration of the nasal septum and cancer of 
respi ra tory tract from inhalation and cutaneous injury upon dermal 
exposure (National Academy of Science, 1974). 
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Tlio mnxinuim pnnnlRnil)ln limit i)f Cr In drlnkliif^ walor 
i s 0.05 mg/1 (VV.H.O., 1984) i s less than no-observed health effect 
leve l . The chromium concentration in the shallow groundwater of the 
study area varies from 0.029 to 0.11165 ppm. In most of the water 
samples the cnncontrntlnn nf chromium is within thn pnrmiRsihln liinltR 
except at few places where sl ightlv higher range of chromium has 
honn encotintnrnd. Ilnwnvnr, in dnnp wnlnr Rninjilnn thn coiicnnlrrilloii 
chromium ranges between 0.0097 to .0()5 ppm which is well with in 
the permissible l imits . 
Mniif^anoBa 
The concentration of Manganese ranges from 0.013 to 0.76 
ppm in shallow groundwater samples of the study area while in deeper 
aquifer samples Manganese concentration varies between 0.01 to 0.076 
ppm. At places the manganese concentration Is higher than Its 
permissible limit 0.05 ppm as recommended by fW.H.O., 1904). 
Higher concentration of Manganese may cause neurological syndrome, 
resembling Manganese encephalopathy (Anon., 1977). 
Zinc 
Zinc Is an essential and bonoflclal element In human 
metabolism. The dally requirement of pre-school aged children Is 
0.3 mg Zn/kg body weight. The daily adult human Intake average 
is 0 to 15 mg/kg. The zinc deficiency In children leads to the 
growth retardation. 
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Water containing Zinc at concentration in excess of 5.0 
mg/li tre has an undesirably astringent taste and may be opalescent, 
developing a greasy film on boiling. (World Health Organisation ,1984). 
The concentration of zinc in the groundwater sample of 
shallow aquifer ranges from 0.011 to 0.484 ppm while in deeper 
aquifer i t ranges from 0.013 to 0.099 ppm which is well within the 
permissible limit of (W.H.O., 1984). 
WATER QUALITY CRITERIA FOR IRRIGATION 
Water quality cr i ter ia for irrigation is a complex subject, 
because growth of particular crop depends on many factors and not 
merely on the chemistry of irrigation water. 
However, factors to be considered in evaluating the 
usefulness of groundwater for irrigation are the total concentration 
of dissolved sol ids , the concentration of individual constituents, 
llin rnlnllvn profxirtlnii of noiiin coiinfUiiontH, llui n/ilind iind coiiipdnl I Ion 
of the soil and sub-soil , the topography of land, the position of 
water table, tho nmnvmts of groundwntnr uRod and innthod of applying, 
i t , the type of crop grown and the climate of the area and method 
of crop management (Walton, 1970). 
Irrigational Specification 
Various specifications have been proposed from time to time 
by dlffernnt wnrknrs Inchidlng ARgnr nt nl . (193(i) Kollny ol Ql. 
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(1940); Wilcox (1955); Llaton (195U); USSLS (1954); Kamamorthv 
(1964); FWPCA (1968); EPA (1973);Avers an nranson (1975) and Ayers 
and Wastcot (1976) for evalnatlnR KultnhiHtv nf nnfnral wnlnr for 
Irrigation of crops. 
In most of the s|)0(;llJ(;atloiiH, tlio suJtahJlltv of natural 
waters for irrlRatlon has hnnn ovahiatod on prosumptlon that tho 
water will be used under average conditions wltli respect to soil 
character is t ics , efficiency of sub-surface drainage, amount of water 
used and method of applying It, type of crof)s and climatic 
characters of the area. 
In order to study the suitabil i ty of groundwater in the 
Ganga-Kali Rvih-hnsln for ngrlrulturnl \iReR, tiin Rlnctrlc.nl 
conductivity, re lat ive proportion of sodium to other cations, residual 
carbonate and concentration of certain specific elomonts wore analysed 
and the data obtained from the chemical analysis of groundwater 
samples were processed and interpreted on the established guide 
lines proposed by various scientist of the disc ipl ine . 
Salinity And Sodium Hazard 
It Ifi well ostablishnd fact that crop pro(l\iction or oven 
the germination of seed is reduced when excessive accumulation of 
salt ex is t s on ngriculturnl soi l . Irrigation water Is one nf the major 
contributor of soluble salts to the soil , in addition to those already 
proRont. 'Ihoroforo, ItrlKation wntnr |)lny n mn)()r rolo in agriculture 
prac t ices . 
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Among the major hazards to crop by irrigation water are 
salinity and sodium hazards . A soil high in exchangeable sodium 
Is very undesirable for agrlculturo as It causes flncculatlon resulting 
Into the formation of a rnlntlvnly Impnrmnnhln cruRt (Ilnm, 1950) 
which lowers the fert i l i ty of the soi l . 
The interpretation of water quality suitable for irrigation 
purposes are given by Richard et a l . (1954). They put forward 
a diagram on the salinity of water. Electrical Conductivity (E.G.) 
has boon lokon as an indox of anllnlty hazards and Budluiii 
Adsorption Ratio (SAR) as an Index of sodium hazards . The SAR 
i s defined as 
Na 
SAR = / Ca + Mg 
2 
where concentration of cations are expressed in meq/ l i t re . 
The quality classification of Irrigation water is given in 
table . 
Table -12: Quality classification of irrigation water (After USSL 1954) 
Water 
Excellent 
Good 
Fair 
Poor 
Salinity 
llozard F-C In 
Micro mhos/cm 
at 25°C 
250 
250 - 750 
750 - 2250 
2250 
Alkali 
S.A.R. 
upto 10 
10 - 18 
18 - 26 
26 
R.S.C. in 
moq/L 
« 1.25 
< 1.25 
1.25 - 2.5 
> 2.50 
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The SAR have been calculated and data obtained is 
compared and plotted on the USSL (1954) diagram (Fig. 44) . The 
diagram reveals that the most of water samples fall in class C. -
S and C -S . and accordingly the groundwater in the area i s very 
i . £i 1. 
much suitable for irrigation as it is free from sodium or salinity 
hazards . 
Eaton (1950) suggested that water having carbonate and 
bicarbonate ions in excess of calcium plus mangneslum will lead to 
much greater alkal i formation than is indicated by i t s SAR and 
thereby decreasing soil permeabil i ty. The carbonate and bicarbonate 
hazards on water quality can be determined in terms of Residual 
Sodium Carbonate (RSC) which is defined by the following equation 
B,SC = (COg" + HCOg" ) - (Ca""" + Mg*"") 
where all the concentrations are expressed in epm. Water with RSC 
below 1.25 meq/1 is good, 1,25 - 2.5 meq/L is marginal and above 
2.!j moq/L la iiol auitublu lor iiilgiitloii piupoHOH. 
The Residual Sodium carhnnatn of wntnr Rnmplo hnvo boon 
dolormlnod and the rosults obtained nro givon in (Appnndlx - Villi)). 
A perusal of appendix shows tlmt in mnst of tiin samplo tlio RSC 
is loss llian one but nt few phicos liiglior values linvo also boon 
dotorminod. In gonnrnl tlin water is suitniilo for irrigation in tofins 
of RSC too. 
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WilU;'ix (innfi) hnn (iroiinnnd nutitlini- cltuinlf lent Ion nchdiiMi 
for rating irrigation water on the basis of electrical conductance, 
soluble sodium percent Hiul boron rioncentintlon. Tlin sodium porcont 
In cnlnulntnd by tlin HdlowliiR roiinuln 
Na % (Na 4 K) X 100 
Ca + MR + Na +K 
where all the concentration are expressed In Fpm. The following 
classification is given by Wilcox (1955). 
Table-13: Quality classification of water for irr igation. 
Water Na % EC umbos 
Excellent 
Good 
Permissible 
Doubtful 
Unsuitable 
< 20 
20 - 40 
40 - 60 
60 - 80 
> 00 
< 250 
250 - 270 
750 - 2000 
2000 - 3000 
> 3000 
The sodium percent has been calculated on the basis of 
Wilcox formula. Thn rintn nbfninnd nrn given In nppnndlx nnd 
plotted on Wilcox diagram (Fig. 45). The diagram reveals that 99^ ^ 
water samples fall in class excellent and good to permissible except 
one water sample from Charra village which fall in class permissible 
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to doubtful. Hence the Rround water quality of the study area Is 
by all standard suitable for Irrigation. 
Besides, the useful function of major ions, role of trace 
elements in the proper growth of the plants has attained great 
emphasis in recent years . They have been found profoundly 
beneficial to crops for growth of plants at different s tages. Federal 
water Pollution control Federation, U.S.A. (1968) and Ayers and 
Branson (1975) put forward tolerance limit for irrigation water and 
suggested proper interpretation of analytical data; mlcronutrients 
l ike Cu, Zn, Fe were determined in water samples. The results 
obtained v/ere compared with standard limit (F .W.P .C .F . , 1968; 
Ayers and Branson, 1975). 
The concentration of the above mentioned trace elements 
in groundwater of the area are well with in the permissible limits 
from tho nfornsnld dlRnuRsinn and intnrprntntinn of thn chnmicnl 
analyses data of groundwater it nnn Rnfely bo concludod tlint by 
al l the standards, the groundwater quality of the Ganga-Kall sub-
basin is highly suitable for i rr igat ion. 
SUFtl'ACK WATKR OlJAhlTY 
In order to study the surface water quality and i t s relation 
with groundwater, samples for major and trnco oloiiiont studies woro 
collected from different sampling stations established on the r iver 
Ganga, Kali and thn I.nwnr Gnngn rnnnl Inlnr on Ihnsn sninplnR worn 
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chemically analysed. The chemical analysis data are appended as 
(annexure - XIA fi B). 
Tobio 15 SIJUWB tlu) cornpurlHon of vnrloiiH couBlltuoiitH 
detected In the Ganj:?a and Kali r ivers and Lower Ganga canal waters 
with W.Il.O. (19n4) and I .S . I . (19113) drinkinR water s tandnrds. 
A perusal of table shows that pH ranges from 7.5 to 8, 7.5 to 7.9 
and 7.6 to 8 and E.G. var ies between 153 to 210, 471 to 510 and 
127 to 140 umhos/cm at 25°C in the water samples of the r iver 
Ganga, Kali and Lower Ganga canal respect ively, showing alkaline 
nature of these water. Further, the result of the chemical analysis 
reveal that the values of cations and anions are l(jw in the Ganga 
and Lower Ganga canal than the groundwater samples. The Kali r iver 
water shows higher values of cations and anions than the Ganga r iver 
water samples. But they are well within the permissible limit of 
W.Il.O. (1984) drinking wntor Rtnndnrds, nxcnpt one water Rnmf)ln 
collected close to Bldhnrl vlllngn whlrli RIIOWR lilglior vnhioR of V.n 
++ 
and Mg 
However, the analytical results show that the concentration 
of certain trace elements like Fe, Mn, Cd, Pb and Cr^ are higher 
than their permissible limit for drinking purposes in water samples 
of the r iver Ganga and Kali. 
However, these waters are suitable for irr igation uses . 
As regards higher levels of toxic trace metals it can be said that 
it i s caused duo to the municlpnl. Industrial , dlRchnrgns Into thnsn 
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r l v e r s . Suitable measures as suggested by U.P. State Pollution 
Control Board, i s to make it obligatory on the municlpaltles and 
industr ies to discharge their effluents into these r iver only after 
proper treatment. 
SUMMARY AND CONCLUSION 
The Ganfia basin forms nnn nf the promlnnnt physlnRrnphlr: 
units of India. As regards i ts origin various views are the re . Most 
recent view is that it was formed as a result nf sagging of north 
crust that intervened between mobile belt "f the Himalavas and 
comparatively stable Peninsular shield which was lat ter filled with 
the sediments eroded from newly risen Himalayas and the F^enlnsulo. 
Another view considers Indo-Gangetic plain a per ipheral foreland basin 
formed as a result of contlnont-cnntinont collision hntwoon Indian and 
Asian pla tes . 
The unconsolidated-Quatemary sediments vary in thickness 
from less than 6 meters at i ts southern margin to fiOfin mntnrR clnsn 
to the Himalayan foot h i l l s . A large s tretch of the alluvial tract 
la uuuuplbU by Iho Hlalo of UllHi' rrHiJobli, which 1H hydt'ogeuUiylcally 
divided Into the following zones v iz . Intermontane val ley, Piedmont 
zone or Bhabar, Artesian or Taral belt zone, central Gonga plain and 
southern marginal plain. These zones are the great repository of 
groundwater and hold most potential aquifers in thn s ta te . In the 
intermontane valley which consists of bouldary s t ra ta , groundwater 
occurs under water table condition but the water table is very deep. 
The piedmont zone stretches parallel to the Himalayan foot h i l l s duo 
south upto the spring line. It is formed due to coalesence of fan 
deposits comprising houldnry strata mixnd with sand which is highly 
transmlsslve, has deep water table and forms a rochargo areas for 
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the deeper aquifers In Taral and the central Ganga plnln. The spring 
line defines the southern limit of Bhabar zone and also forms the 
northern limit of 'I'arai zone. The spring lino is the resultant of 
the aquifers cutting the land surface where from water continuously 
oozes out. That is why it is called wetland or Tarai zone. Tlie 
southern limit of this zonn Impnrrnptlhly mnrRos Into cnntrnl nniiHn 
plain. The belt is characterized by pre-dominant clayey sediments 
with intercalated beds of sand and gravels with frequent free flowing 
conditions. 
The southern limit of control Ganga plain is fixed by 
Yamuna and i ts confluence with Ganga stretching from West-North 
West to East South East. This sub-zone covers major part of tho 
state encompassing the Ganga-Yamuna interfluves. Tho aroo of 
investigation which stretches over 1340 sq kilometer is a part of 
the Ganga-Kali sub-basin of tho groat central ganga plain. It falls 
under tho suhtropicnl rlimntic znnn, with hot summnr (4n-4r)"C) and 
chi l ly winter (4-6°C). The monsoon breaks in second week of June 
and ends In HoiJtniiihor. Tlx) iiionn nnnunl tdliildll tm coiiipulod lor 
the period 1901 to 1989 is 754.12 mm. 
Based on pliyslography and hydrogoolngicnl condition It lias 
been divided into three physiographic units viz.C I ). Low valley of the 
Ganga r iver (II) Eastern upland and (III) Nim Kali interfluves. 
Geomorphologically, there are three distinct planatlon surfaces (To, 
Tl , T2) which have developed in response to the changing climate 
•inn 
and sea level fluctuations during late Quaternary. The braided stream 
character and fine sand size of the active channel nf the prnsent 
day Ganga r iver is To surface. This surface is made up of few 
acllvo chQimela and (:hannf3l hnr'H. 11 fiiirlncn 1B locntnd fj-lO iii nhovo 
To surface which shows many meander scars and a prominent meander 
scro l l . T2 surface is upland surfncn. This Rurfncn showB proBoncn 
of many abandoned drainages and abandoned meandering channel be l t s . 
The study shows that during thn last 2r)n()() ynnrs tlm rinngn rivnr 
underwent a distinct change Iruiii meandering typo to present day 
hrnldnd typn ronRnqunnt to dnnrnnnn In wntnr hudgot and Incrnruui 
in sediment load. 
Consequent to the nil and water well dr i l l ings thn 
subsurface topography beneath the Quaternary alluvium is found to 
conslHt of nltnrnnto Rpvirn and dnproRnlonn. '\'\m nt\tdv nron lino on 
Ka^anj-Tanakpur spur . The geological cross-sections reveal that 
on the eroded surface of the Archean basement (Bundolkhand granite) 
upper Vindhyans were deposited during the upper proterozoic era . 
Thereafter they underwent a post Vindhyan faulting and erosion since 
Cambrian to Lower Miocene. During this span of time encompassing 
about 500 iiiilllon years , the Vindhyan topography was reduced to 
almost peneplain and on these eroded surfaces of the upper Vindhyans, 
Neogene Siwaliks were deposited which was lat ter on followed by 
the deposition of Quaternary sediments. This Quaternary deposits 
healed up ear l ier depressions through rapid sedimentation giving 
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thereby a broad monotonous level expanses which is the present Gan^a 
basin. Further, the thickness of Vlndhyans, NeoRene s lwa l lks and 
Qjaternary sediments gradually increased due north and attains the i r 
iiinxlmum thlcknoRR cUinn to Ihn llimnhiynn foo th l l l n . 
The r i v e r Ganga-the trunk stream and I ts numerous 
t r ibutar ies have given r ise to numbers of sand bodies such as 
channel, flood plain and back swamp dnposits, Rnnnrating thnrnby 
various aquifer types of d i f fe r ing dlmonsions through the i r varying 
flow regimes during the past 0.6 Ma. The fence diagram and the 
various hydrogeological cross-section depict that in a l l there occurs 
two to throe t ie r nqulfer systom down to 14{J motro b . g . l , Tlioso 
aquifers f ina l ly merge wi th each other and bohnvo ns single bodied 
aquifer system. Alluvium wi th i ts sizeable thickness of about 360 
metres comprises clay s i l t and sands of various grades, calcareous 
concretjlon and gravel e tc . , in varying proport ions. The beds are 
generally lent icular and thnro nrn rapid nl tnrnl l f in nnri grnrlnHoMR 
between granular and clayey materials par t i cu la r l y in south western 
part of the area. 
The granular zone attains Its maximum thickness in thn 
eastern part of thn nrnn which gindunl lv dncrnnsoR dvin wnst. Many 
more aquifers possibly occur below ISO metre down to 360 metre denth 
at which the Quaternary deposits unconformablv over l ies the Neogene 
s lwa l lks which in turn over l ies the eroded and uneven surface of 
upner Vlndhyan limestone of unnor Frolerozr)lc ago. The near surfncn 
groundwater occurs undnr water table conditif)n and depth to wntnr 
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var ies betv/een 2 to 16 metres below ground level . While deeper 
aquifer occur under confined conditions. The piezomBtric level of 
deeper nquifnr rnnRos hntwnnn 3 to 12 mntnr hnlow RroiinrJ Invnl. 
The hydrogeologlc parameters like specific capacity, transmissivity 
nnd hydrnulh: ctmdiicll vlly drilfiiiiiliirid 1)V Iho dliichdrgo iind diaw-
down data of deep tuhnwnlls rnngnd hntwnnn 379.4 to 2272.fl m/dny 
462.8 to 2272.6 m^/day and 13 to 698 m/day respect ively . 
A [inrusnl of prn-intmRoon (1')()M-8f)) dnplh to wnlnr mnpR 
reveal that in western part water level is generally deep which 
rangod hotwonn 8 to 16 mntrns hnlow f^round Invnl. I'hn shnllow wnlnr 
table leading to the swampy conditions during post-monsoon period 
(November, 1988-89) was observed as a character is t ic feature of low 
val leys of the Ganga and in the areas adjacent to lower and upper 
Ganga canals. In these tracts the water level during (June 1988-89) 
ranged between 1.8 to 4 metre and 1.6 to 4 metre below ground level 
respect ively . The shallow water level in this tract was bennuRo 
of influent seepage through the canal bed into the shallow aquifers 
below these canal. 
The water table fluctuation rnvnalnd a rising trend of 
varying degree in water level thmughout the basin during (1988-89). In 1988 
water level fluctuation ranged between 0.5 to 2 metres. The study 
shows that 35% of wells show fluctuation in the range of 0.5 to 1 
m, 33.12% well shows fluctuation in the range 1 to 1.5 m and only, 
14.37% of the area recorded the fluctuation <:;^ 0.5 meters. This high 
- in f i -
riUGlunllon U\ wntnr lovnl durluR IflHH 1R ntltrlhulnd to tho hnnvy 
rnlnfnll whiln In Ifinn thn f luf;t>inH()n wnR nniniinrntlvnlv f'f Innnnr 
degree due to the deficient rainfall . 
Altitude of water table in pre-monsoon ranged between 179 
metre in North west to 162 metres in, South east above the mean sea 
lovol. Tho mnstor 8lof)o of wntnr- tnl)l(3 wns ohsnrvod duo Soulli oast 
following the general topography of the area. In eastern par t , the 
slope of the water table was towards east pnrnllol to tho gnnornl 
slope of the ground. Hydraulic gradient is steeper in the east and 
south close to the Ganga and Kali r ivers than tbf> central part of 
the basin, indicating that the sediments are finer and have low 
permeabil i ty. Further, the contour behaviour showR that both tho 
Ganga and Kali r ivers are effluent in nature except close to the 
Atrauli area where the Kali r iver behaves as an influent stream. 
This reversal of hydraulic gradient is the resultant effect of the 
excessive withdrawal of the groundwater In the area. 
The poRt-mnnsnnn cnntnurs show almost simllnr bohnvlour 
except that contours are found to displace by the higher values. 
Piezometric contours also exhibi t pattern similar to that of water 
l i ih lo cdiitdui-fi hut hi )li() n o r t h (iiifilcni n l d n llin p l o / o i i m l i ' l c \u)tH\ 
i s higher than the water table by 2 meters. The similari ty of water 
table and piezometric level maps Is an Indicative of the common 
source of recharge. 
F^alnfall Is the main sonrco of groundwater recharge. 
DoRidoR cannl Rnn[)nKn niul ii-r'igfitloii tnlnrn llow lonii llio Rncondiify 
-160-
sources of groundwater recharge. The hydrographs of the observation 
wells shovi/ that the water level variation Is cynllc and sinusoidal 
as a function of time and space. It shows that the response of 
wntor Invnl to rnlnfnll nnd drniiRht In rnnnnnnlily (iidrk In Rpnnn niul 
time. The ascent of level is also greatly affected by the intensity, 
duration and distribution of the rainfall in the area. 
Further, it is seen from the hydrographs that thoro was 
progressive decline in water level in Nim-Kali Interfluves. The 
average rate of decline is recorded as 0.34 m/year. The hydrographs 
falling in Nim-Ganga interfluves do not show any significant change 
In the behavour of water level . This is because of the significant 
recharge of the shallow aquifers through canal networks in the Ganga-
Nim Interfluves. 
The pumping test data analysis results reveal that the 
transmissivity and s torat ivi ty/specif ic yield values determined at 
2 2 
Paharlpur and Danpur range between 2059.6 m /day to 528.12 m /day 
^ o nr 1. n nr -i,r^ rBspoctivoly. The hydraulic conductivity 
and 8.95 to 7.75 X 10 
values ranges between 37.7 m/day to 72.88 m/day. The pumping test 
data analysis further show that the upper aquifers are unconfinnd 
in nature while the deeper aquifer are under confined conditions. 
In order to achieve effective planning and systematic 
exploitation of groundwater resources, assessment of groundwater 
reserves was also attempted. Assessment studies reveal that net 
groundwater recharge in the Ganga-Kali sub-basin is 326.97 M.C.M. 
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The net draft is 157.6 M.C.M.. leaving a balanco of 169.4 M.C.M. 
as the utlUzable groundwater resource for the future development. 
Following the ARDC Norms, the stage of groundwater 
development In the Uanga-Kall sub-basin was estimated which sliows 
that only 48.2% groundwater development has taken place and 
accordingly basin falls under the 'whi te ' category. 
In view of the fart that only 48./!^, nf grnunriwatnr 
development has been done so far there is a large groundwater surplus 
*"or further development in the basin which can bn utlH/ntl tlirough 
the construction of atleast 588 deep tubewell with a unit draft of 0.17 
M.C.M., with a well spacing of 237 meters and with possible 
drawdown of 6.5 to 7 meters. Besides it 3670 shallow tubewells with 
a unit draft of 0.0188 M.C.M. with a well spacing of 150 meters may 
also be constructed. 
Water samples collected from observation well network, 
shallow and deep tubewells and also from r ivers and canals wore 
analysed for various constituents affecting the quality of water and 
i t s suitabil i ty for drinking and Irrigational purposes was studied. 
The results of chemical analysis data show that the groundwater in 
the basin belong to Bicarbonate fades of anion group and Na-K type 
in cation facies. With few exceptions generally the groundwater is 
potable, hard alkaline in reaction and moderately mineralised and 
alkaline bicarbonate type. 
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Trace element studies show that the concentration of heavy 
toxic motnlH llkn Cd, Vh, Cr* ' In thn Rlinllow n(|iilfnr wnlnr In morn 
than their permlRRlhlo llmltR which mny nntnll vnrlouR health hnznrdR 
to the inhabitants of the area. However, the concentration of these 
trace elements were generally found well with in the permissible limit 
in deeper aquifer groundwater samples. In general, the groundwater 
of the basin is suitable for drinking and irrlgatlonal purposes. 
Surface water sample analysis reveal that the concentration 
of major ions is generally lower than the groundwater in the basin. 
However, the concentration of trace elements in water sample of the 
Ganga and Kali r iver are much higher than their permissible l imits . 
Tlie lilglior concenlrutlon of the luxlc heavy iiioluls may bo duo to 
thn hugn rilRchnrgn of thn wnntn nfflnnnfn from thn cltlnn locntnd n\ 
the i r banks. 
In the years to come when the area will reach i t s optimum 
development sometime in 21st century, the major problem will be of 
doplotlng nqulfors in Nlm-Knll ui)lnnd dun to honvy withdrnwnl cnuHod 
by rising population, expanding agriculture and escalating 
hulURtrlnllRnHon. II In fhninforn nncnnnnry to coiillnun iiinni lorhig 
of water level as well as re-appraisa l of groundwater resources, for 
proper understanding of groundwater behaviour v l s -a -v l s thn pacn 
of groundwater development in the area. In view of the declining 
water levels consequent to the excessive withdrawal from the shallow 
aquifer, it is suggested that further exploitation of groundwater from 
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tho s h a l l o w o q u i f o r s h o u l d bo r n s t r i c t o d nnd I t s hou ld bo 
s u p p l e m e n t e d w i t h the i n t r o d u c t i o n of c a n a l i r r i g a t i o n which 
i s c o n s p i c u o u s l y a b s e n t in the a r e a . F u r t h e r , the 
g r o u n d w a t e r deve lopmen t in t he a r e a i s r e s t r i c t e d u p t o d e p t h 
of 150 m e e t e r s o n l y w h i l e t he t h i c k n e s s of a l l u v i u m i s 360 
m e t e r s . T h e r e a r e more p o t e n t i a l aquifers in the area down 
to 360 m. Hence these aquifers should first be thoroughly explored 
and quantitatively and qualitatively assessed before any development 
is attempted to meet the future demand. 
C(JiiJiu:Hvn iinn of nutfncti and Hiouiidwiiiif r(i(U)Ui'(;(« In lb(i 
optimal method of obtaining the maximum possible water development 
in the Ganga-Kali sub-basin. This is true to the dual situation as 
prevailing in the area i . e . on the Ganga-Nim upland that thoro is 
large scale water logging and consequent soil salinization while there 
is declining water-table in Nim-Kali upland. If redressal of former 
l ies in checking the canal seepage through polythene sheet lining to 
a r r r e s t water logging and soil salinization, where art if icial recharge 
through the canal networks will contain the declinning trend of water 
level . 
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-0.25 
-0.46 
-0.40 
-0.21 
-0.20 
0.72 
0.10 
-0.53 
-0.90 
-1.19 
-1.56 
-2.05 
-1.75 
-2.00 
-2.30 
-2.43 
-r.44 
-2.45 
-2.90 
-3.10 
-3.15 
-3.43 
-2.95 
-2.84 
-3.34 
-3.20 
-3.59 
-3.04 
-2.84 
-2.99 
-2.88 
-2.'l'i 
-3.14 
-2.95 
-3.20 
-3.65 
-4.06 
-4.26 
-4.52 
-3.80 
-3.70 
-397.06 
-281.06 
-223.06 
-275.06 
-372.06 
224.94 
-185.06 
-230.06 
-95.06 
-•"i . n r , 
-15.06 
-335.06 
-150.06 
-38.05 
-215.06 
364.94 
79.94 
-375.06 
104.94 
-295.05 
414.94 
154,94 
-115.06 
84,94 
-IU>.Ub 
-115.06 
14 4.94 
-185, Of. 
-345,06 
-305.06 
-155,06 
-195,06 
544,94 
74.94 
157657,17 
78995.10 
49756.06 
75558.38 
138429.14 
50597.70 
34247.45 
52927.91 
9036.53 
^n .r.l 
226.82 
112265.65 
22518.21 
1448.61 
45251.09 
133180.72 
6390.30 
140670.50 
11012.26 
87050.80 
172174.66 
24 006,70 
13238,96 
7214,69 
7235,32 
13238.96 
21007,41 
34747.45 
119065.87 
93062,02 
24043.81 
38048.65 
296958.88 
5615,90 
35. 
35. 
37. 
38. 
39. 
'lO. 
(.l. 
'.2. 
'.3. 
Ith. 
I,S. 
'.6. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
55. 
57. 
58. 
59. 
60. 
51. 
62. 
63. 
64. 
C[;. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 
74. 
75. 
1935 
1935 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
r 
i9r.5 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
19C5 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
730.00 
780.00 
580.00 
510.00 
900.00 
800.00 
350.00 
1140.00 
700.00 
610.00 
800.00 
790.00 
780.00 
820.00 
718.00 
900.00 
905.00 
744.00 
442.00 
911.00 
1164.00 
842.00 
75.00 
902.00 
513.00 
769,00 
885.0 
695.00 
928.00 
905.00 
Cnc. .00 
574.00 
1224.00 
695.00 
997.00 
964.00 
1092.00 
1006.00 
973.00 
1120.00 
949.00 
-0.03 
0.03 
-0.23 
-0.32 
0.19 
0.06 
-0.54 
0.51 
-0.07 
-0.19 
O.OG 
0.05 
0.03 
0.09 
0.05 
0.19 
0.20 
0.01 
-0.41 
0.21 
n . '•,4 
0.12 
-0.90 
0.19 
-0.32 
0.02 
0.17 
-0.08 
0.23 
0.20 
-d.un 
-0.24 
0.62 
-0.08 
0.32 
0.28 
0.45 
0.33 
0.29 
0.48 
0.26 
-3.73 
-3.70 
-3.93 
-4.26 
-4.06 
-4.00 
-4.54 
-4.03 
-4.10 
-4.30 
-4.24 
-4.19 
-4.16 
-4.07 
-4.12 
-3.93 
-3.73 
-3.74 
-4.16 
-3.95 
-3.41 
-3.30 
-4.20 
-4.00 
-4.32 
-4.30 
-4.13 
-4.21 
-3.98 
-3.78 
-3.HI, 
-4.10 
-3.48 
-3.56 
-3.24 
-2.96 
-2.52 
-2.18 
-1.89 
-1.41 
-1.15 
-25.06 
24.94 
-175.06 
-245.06 
144.94 
4 4.04 
-405.06 
384.94 
-55.06 
-145.06 
4 4.'14 
34.94 
24.94 
64.94 
-37.06 
14 4.94 
149.94 
-11.05 
-313.06 
155.94 
400,04 
86.94 
-580.06 
146.94 
-242.06 
13.94 
129.94 
-50.06 
172.94 
149.94 
- ' . ' ) . iir. 
-181.06 
458.94 
-59.06 
241.94 
208.94 
336.94 
250.94 
217.94 
364.94 
193.94 
528.04 
621.97 
30646.24 
60054.73 
21007.41 
2019.54 
154074.14 
148178.28 
3031.68 
21042.60 
2019,54 
1220.7C 
521.97 
4217.12 
1373.49 
21007.41 
22481.80 
122.34 
98005.98 
24317.07 
167231,38 
7558.45 
462482.50 
21591.17 
58593.37 
194.30 
16884.23 
3507.28 
29908.01 
22481.80 
3400. ir, 
32782.96 
219904.09 
3488.16 
58534.64 
43655.54 
113528.11 
62970.55 
47497.55 
133180.72 
37612.46 
7 6 . 
11. 
7 8 . 
7 9 . 
8 0 . 
8 1 . 
8 2 . 
8 3 . 
8 4 . 
8 5 . 
8 6 . 
8 7 . 
8 8 . 
8 9 . 
1976 
1977 
. 1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
973.00 
1291.00 
997.00 
33A.00 
762.00 
495.00 
939 .00 
1402.00 
660.00 
755.00 
744.00 
307.30 
892.10 
881.00 
0.29 
0.71 
0.32 
-0.55 
0.01 
-0.34 
0.24 
0.06 
-0.13 
0.01 
-0.01 
-0.59 
0.18 
0.17 
•0.87 
•0.16 
0 .16 
0 .39 
•0.38 
•0.73 
•0.48 
0 .37 
0 .25 
0.26 
0.24 
•0.35 
•0.17 
0 .00 
217.94 
535.94 
241.94 
- 4 2 1 . 0 6 
5.94 
- 2 6 0 . 0 5 
183.94 
645.94 
- 9 5 . 0 6 
9 .94 
- 1 1 . 0 6 
- 4 4 7 . 7 6 
137.04 
125.94 
47497.55 
287230.97 
58534.54 
177292.09 
48 .15 
67631.55 
33833.68 
410530.'•.0 
9036 .53 
98 .79 
122.34 
200489.53 
18779.77 
15850.71 
DATA SOURCE : Regional Meteriologlcal Centre, New Delhi. 
APPIJNDIX I ( n ) 
HAIN FALL UATA ANALYSIS OF KA5GANJ IIAIN GAUGE STATION 
THE 
THE 
TllR 
S.No 
1. 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
10 . 
1 1 . 
12 . 
1 3 . 
lA. 
15 . 
10. 
17 . 
10. 
19 . 
20. 
2 1 . 
2 2 . 
2 3 . 
21,. 
2 5 . 
2 5 . 
2 7 . 
28 . 
29 . 
30 . 
3 1 . 
32 . 
3 3 . 
34 . 
MEAN OF 89 YEARS OF RAIN FALL 
STANDARD DEVIATION 
COCFFICIENT 
YEAR 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1910 
1917 
1918 
1919 
1920 
1021 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
OF VARIAIION 
ANNUAL 
RAINFALL 
656 .31 
494.27 
851 .63 
979.07 
328.12 
901 .05 
554.00 
593 .57 
824.49 
571.20 
584.67 
528.52 
411 .73 
760.44 
605.50 
1040.90 
1072.76 
200.00 
800.57 
549.45 
1103.GG 
1143.43 
553.40 
089.80 
740.64 
899.90 
803.86 
391.07 
696.40 
703.00 
774.42 
383.70 
892.59 
763.20 
= 753.19 
= 222.4385 
29.9311 
DEPARTURr 
- 0 . 1 3 
- 0 . 3 4 
0 .13 
0.30 
- 0 . 5 6 
0.20 
- 0 . 2 6 
- 0 . 2 1 
0.09 
- 0 . 2 4 
- 0 . 2 2 
- 0 . 3 0 
- 0 . 4 5 
0 .01 
- 0 . 2 0 
U.3'J 
O . ' i ? 
- 0 . / 2 
0 .05 
- 0 . 1 4 
u . ' . ; 
0.52 
- 0 . 2 7 
0 .18 
- 0 . 0 2 
0 19 
0.07 
- 0 . 4 8 
- 0 . 0 8 
- 0 . 0 7 
0 .03 
- 0 . 4 9 
0 .19 
0 .01 
CUMMUI.ATIVC 
DEPARTURE 
- 0 . 1 3 
- 0 . 4 7 
- 0 . 3 4 
- 0 . 0 4 
- 0 . 5 1 
- 0 . 4 1 
- 0 . 6 7 
- 0 . 8 9 
- 0 . 7 9 
- 1 . 0 3 
- 1 . 2 6 
- 1 . 5 6 
- 2 . 0 1 
- 2 . 0 0 
- 2 . 2 0 
- 1 . 8 1 
- 1 . 3 0 
- 2 . 1 0 
- 2 . 0 4 
- 2 . 1 0 
-\.h\ 
- 1 . 0 9 
- 1 . 3 6 
- 1 . 1 7 
- 1 . 1 9 
- 1 . 0 0 
- 0 . 9 3 
- 1 . 4 1 
- 1 . 4 8 
- 1 , 5 5 
- 1 . 5 2 
- 2 . 1 0 
- 1 . 8 3 
- 1 . 8 2 
(X-X) 
- 9 6 . 9 9 
- 2 5 8 . 9 2 
90.4 4 
225 .88 
- 4 2 5 . 0 7 
147 .86 
- 1 9 9 . 1 9 
- 1 5 9 . 6 2 
71.30 
- 1 8 1 . 9 9 
- 1 6 8 . 5 2 
- 2 2 4 . 6 7 
- 3 4 1 . 4 6 
7 .25 
- 1 4 7 . 6 9 
2')3.77 
319.57 
- 5 4 5 . 1 9 
47 .38 
-103 .74 
4 "1.37 
390.24 
- 1 9 9 . 9 7 
13C.51 
- 1 2 . 5 5 
140.71 
50 .67 
- 3 6 2 . 1 2 
- 5 6 . 7 9 
- 5 0 . 1 9 
21 .23 
- 3 6 9 . 4 9 
139.40 
10 .01 
(X-X)^ 
9386 .05 
67040.43 
9690 .11 
51021.03 
180685.91 
21862.09 
39677 .31 
25479.07 
5083 .45 
33120.96 
28399.55 
50477.34 
116595.05 
52 .54 
21812.82 
86?"9 .82 
102123.94 
297233.94 
2244.71 
10762.33 
185216.97 
152286.02 
39916.70 
18561.84 
157.54 
21523.35 
2567 .28 
131132.00 
3225.29 
2519,20 
450.64 
136524.08 
19431.91 
100.17 
- 2 -
3 5 . 
3 6 . 
3 7 . 
3 0 . 
3 9 . 
'lO. 
4 1 . 
A 2 . 
' i 3 . 
A4. 
' i 5 . 
4 5 . 
4 7 . 
4 8 . 
4 9 . 
5 0 . 
5 1 . 
5 2 . 
5 3 . 
5 4 . 
5 5 . 
5 5 . 
5 7 . 
5 8 . 
5 9 . 
6 0 . 
6 1 . 
6 2 . 
G 3 . 
6 4 . 
6 5 . 
6 6 . 
5 7 . 
6 8 . 
6 9 . 
7 0 . 
7 1 . 
7 2 . 
7 3 . 
7 4 . 
7 5 . 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
19G2 
19G3 
1964 
1965 
1966 
1967 
1958 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
515 .53 
1180.52 
621.00 
452.88 
717.76 
853.44 
465.00 
865.90 
962.90 
384.50 
768.00 
884 .93 
491.50 
724.10 
969.20 
759 .00 
618.92 
582.40 
586.50 
855.97 
885.40 
1223.00 
657.70 
1124.70 
654.90 
1227.70 
1089.70 
659.80 
945.60 
942 .60 
821.60 
489.30 
976.70 
709.80 
852.70 
760.00 
1153.27 
720.34 
704 .21 
51 .00 
1094.00 
- 0 . 3 1 
0 .57 
- 0 . 1 8 
- 0 . 4 0 
- 0 . 0 5 
0 .13 
-0.38 
0 .15 
0.28 
- 0 . 4 9 
0 .02 
0.17 
- 0 . 3 5 
- 0 . 0 4 
0 .29 
0 .02 
- 0 . 1 8 
- 0 . 2 3 
- 0 . 2 2 
0.14 
0 .18 
0 .62 
- 0 . 1 1 
0.49 
- 0 . 1 2 
0 .63 
0 .45 
- 0 . 1 2 
0.2G 
0.25 
0 .09 
- 0 . 3 5 
0.30 
- 0 . 0 6 
0 .13 
0 .01 
0 .53 
- 0 . 0 4 
- 0 . 0 7 
- 0 . 1 9 
0 .45 
•2.13 
•1.55 
•1.74 
2.14 
2 .18 
2 .05 
•2.43 
2 .28 
•2.00 
•2.49 
•2.47 
•2.30 
•2.64 
•2.68 
•2.40 
•2.38 
•2.55 
2 .78 
3 .00 
2 .86 
•2.59 
2 .06 
•2.18 
1.68 
1.80 
1.17 
0 .73 
0 .05 
U.50 
0.34 
0 .25 
•0.50 
0.30 
0.36 
0 .23 
0.22 
n .32 
0.27 
0 .21 
0 .02 
0 .47 
236 .56 
427 .33 
- 1 3 2 . 1 9 
-3U0.31 
- 3 5 . 4 3 
100 .25 
- 2 8 7 . 1 9 
113 .71 
209 .71 
- 3 5 8 . 5 9 
14.81 
131.74 
- 2 6 1 . 6 9 
- 2 9 . 0 9 
215 .01 
15 .81 
- 1 3 4 . 2 7 
- 1 7 0 . 7 9 
155.69 
103.78 
132 .21 
459 .81 
- 8 5 . 4 9 
371 .51 
- 8 8 . . ' 9 
474 .51 
336 .51 
- 9 3 . 3 9 
I ' l l , .61 
109 .41 
68 .41 
- 2 5 3 . 8 9 
223 .51 
- 4 3 . 3 9 
'19.51 
5 .81 
4 n n . n n 
- 3 2 . 8 5 
- 4 8 . 9 8 
- 1 4 3 . 1 9 
340 .81 
55951 .41 
182609.53 
17474.63 
90187.09 
1255.40 
10049.73 
82479.05 
12929.59 
43977.60 
135933.53 
219.29 
17354.99 
68482.52 
846 .33 
45659 .61 
249 .90 
18028.88 
29159 .78 
27785.11 
10759.94 
17479.05 
220719.89 
7308.82 
138018.42 
7795 .41 
225158.13 
113237.84 
8722.00 
38654.84 
35875.51 
4679.70 
69638 .81 
49955.99 
1882.84 
9901 .91 
4 6 . 3 5 
160062.70 
1079.23 
2399.20 
20503.85 
116150.33 
75. 
77. 
78. 
79. 
80. 
81. 
82. 
83. 
84. 
85. 
86. 
87. 
88. 
89. 
1975 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
198't 
1985 
1985 
1987 
1988 
1989 
790.00 
95A,50 
797.00 
.584.10 
955.40 
595.10 
781.60 
1030.10 
405.30 
790.90 
525.30 
377.80 
870.40 
611.00 
0.05 
0.28 
0.05 
-0.09 
0.28 
-0.21 
0.04 
0.37 
-0.45 
0.05 
-0.30 
-0.50 
0.15 
-0.19 
0.52 
0.80 
0.85 
0.75 
1.05 
0.84 
0.88 
1.24 
0.78 
0.83 
0.53 
0.03 
0.19 
0.00 
36.81 
211.31 
43.81 
-59.09 
213.21 
-158.09 
28.41 
276.91 
-346.89 
37.71 
-226.89 
-375.39 
117.21 
-142.19 
1354.85 
44651.22 
1919.17 
4773.55 
45457.81 
24992.98 
807.03 
75678.22 
120333.83 
1421.92 
51479.83 
140918.91 
13737.80 
20218.46 
DATA SOURCE : Regional Meterlologlcal Centre, New Delhi. 
APPENDIX - II 
LITHOLOGICAL LOGS OF DORI'IIOLPIS DIULLFD BY TUE STATI- TUHI-WHI,!, 
DEPARTMENT IN GANGA-KALI SUB BASIN 
S.No. LITHOLOGY DEPTH THICKNESS 
LOCATION : MEERGARHI 
TUBEWELL No. 9 
6.10 
3.05 
3.05 
9.15 
21 .35 
3.05 
3.05 
3.05 
21.35 
13 . f5 
4.5 
LOCATION : ATRAULI 
TUBEWELL No. 66 
1. Surface clay • 0 - 3 . 0 3.0 
2. Clay 3.00 - 6.00 3.00 
3 . Lahal 6.00 -12.01 6.00 
4 . Clay Q Kankar 12.01 -15.01 3.00 
5 . Fine to medium sand 15.01 -18 .01 3.00 
1 . 
2. 
3 . 
4 . 
5. 
6. 
7. 
8. 
9. 
10. 
1 1 . 
Surface clay 
Kankar 
Clay 
Fine sand 
Clay 
Fine sand 
Clay 
Fine to medium 
Medium sand 
sand 
Medium to coarse 
Light caving cli ay 
sand 
0 
6.10 
9.15 
12.20 
21.35 
42.70 
45.75 
48.80 
51.85 
73.20 
87.00 
- 6.10 
- 9.15 
- 1 2 . 2 0 
-21 .35 
-42 .70 
-45 .75 
-48 .80 
-51 .85 
-73 .20 
-87 .00 
-91 .50 
- 2 -
S.No. 
6. 
7. 
8. 
9 . 
10. 
1 1 . 
12. 
LITHOLOGY 
Clay 
Fine 
Clay 
Kankar 
sand 
S Kankar 
Medium sand 
Medium to course sand 
Medli 
Clay 
jm sand 
Kankar 
LOCATION : JAMONA 
TUBEWEL No. 
1 . 
2 . 
3 . 
4 . 
5 . 
6. 
7 . 
B. 
9 . 
10. 
1 1 . 
12 . 
1 
Surface c lay 
Clay 
Fine 
Clay 
Sand 
Clay 
Sand 
Clay 
Fine 
Clay 
Sand 
Clay 
Kankar 
sand 
Kankar 
Kankar 
sand 
Kankar 
Kankar 
DEPTH 
18.01 
48.64 
51.95 
57.65 
G6.06 
76.57 
80.48 
0 
3.00 
10.51 
19.51 
24.00 
33.00 
37.53 
40.54 
49.54 
49.54 
57.05 
69.06 
RANGE 
- 48.64 
- 51.95 
- 57.65 
- 66.06 
- 76.57 
- 80.48 
- 96.06 
- 3.00 
- 10.51 
- 19.51 
- 24.00 
- 33.00 
- 37.53 
- 40.54 
- 49.54 
- 52.55 
- 57.02 
- 69.06 
- 72.00 
THICKNESS 
30.63 
3.31 
5.70 
8.41 
10.51 
3.91 
15.61 
3.00 
7.57 
9.00 
4 .51 
9.00 
4.53 
3.00 
9.00 
3.00 
7.51 
12.00 
3.00 
-3-
S.No. 
7. 
8. 
9. 
10. 
1 1 . 
12. 
LITHOLOGY 
Coarse sand with g rave l 
Clay 
Sand, wi th Kankar 
[Inrd clny H Knnknr 
Dir ty fine sand 
Clay Kankar 
DEPTH RANGE 
36.03 - 40.54 
40.54 - 48.04 
48.04 - 69.96 
69.96 - 75.07 
75.07 - 78.07 
78.07 - 90.09 
THICKNESS 
4 .51 
7.50 
21.92 
5.1 
3.0 
12.02 
LOCATION : GOBLI 
TUBEWELL No. 171 
1 . 
2. 
3 . 
4 . 
5 . 
6. 
7 . 
8. 
9. 
10. 
1 1 . 
Surface c lay 
Fine sand 
Sand with Kankar 
Sand fine 
Clay S Kankar 
Medium sand 
Clay 
Fine snnd 
Clay, c lay Kankar, c lay 
Fine to medium sand 
Clay 
0 - 1.80 
1.80 - 8.10 
8.10 - 9.30 
9.30 -18 .91 
18.91 -45 .05 
45.05 -51 .63 
51.65 -58 .55 
58.55 -60 .06 
60.06 -69 .06 
69.06 -74 .06 
79.06 -93 .09 
1.80 
6.30 
1.20 
9.61 
26.13 
6.60 
6.90 
1 .51 
9.00 
10.51 
14.03 
- 4 -
S.No. LITHOLOGY 
LOCATION : GOBLI 
TUBEWELL No. 172 
1. 
2. 
3 . 
4 . 
5. 
6. 
7 . 
8. 
9. 
10. 
1 1 . 
12. 
Surface c lay 
Fine sand with c lay 
Uand 
Clay 
Sand 
Clay kankar 
Fine to medium sand 
Clay 
Sand 
Clay kankar 
Sand 
Clay 
DEPTH RANGE 
0 - 3.00 
3.00 - 9.00 
9.UU -10 .01 
18.01 -24 .00 
24.00 -39 .03 
39.03 -44.44 
51.95 -51 .95 
51.95 -57 .05 
57.05 -63 .06 
63.06 -72 .07 
72.07 -82 .28 
72.07 -90.09 
THICKNESS 
3.00 
6.00 
15.00 
5.4 
7.50 
5.10 
6.01 
9.00 
10.21 
18.02 
LOCATION : KHERIA 
TUBEWELL No. 173 
1 . Surface c lay 0 - 3.00 3.00 
2 . Finn to modium sand 3.00 -15 .00 12.00 
3 . Sand clay 15.00 -IH.OO 3.(JO 
4 . Clay 6 Kankar 18.00 -21 .00 3.00 
5. Fine to medium sand 21.00 -34 .53 13.53 
6. Clay 8 Kankar 34.53 -36 .03 1.50 
-5-
S.No. LITHOLOGY DEPTH RANGE THICKNESS 
LOCATION : GHINAUNA 
TUBEWELL No. : 
1 . 
2 . 
3 . 
4 . 
5. 
Surface 
Sand 
Clay a 
• 
Medium 
Clay Ki 
108 
clay 
Kankar 
sand 
inkar 
0 - 3.00 
3.00 -72 .00 
72.00 -94 .00 
94.00-124.00 
124.00-130.00 
3.00 
69.00 
22.00 
30.00 
(i.OO 
LOCATION : LOHGARH 
TUBEWELL No. 36 
1 . 
2. 
3 . 
4 . 
5 . 
6. 
7 . 
8. 
9. 
10. 
1 1 . 
Surface clay 
Fine medium 
sandstone 
nrnwn clny 
Fine medium 
brown clay 
Brown clay 
Fine medium 
Medium sand 
Medium sand 
Course sand 
Brown clay 
Clny 
sand and 
sand 
sand grey 
and g rave l 
0 
3.04 
20.70 
33.50 
35.06 
50.30 
57.90 
64.02 
67.07 
70.12 
79.26 
- 3.04 
-20 .70 
-33.50 
-35 .06 
-50.30 
-57 .90 
-64 .02 
-67 .07 
-70 .12 
-79 .26 
-9(i.03 
3.04 
17.60 
12.(10 
1.50 
15.20 
7.60 
6.12 
3.10 
3.05 
9.14 
16.70 
S.No. LITHOLOGY DEPTH RANGE THICKNESS 
12. Brown fine sand 9 6 . 0 3 - 9 7 . 5 0 1.5 
13 . Medium sand 97.50 -109.70 12.20 
14. Brown fine sand 109.7 -112.20 1.50 
15. Clay 111.20 -113.70 2.50 
LOCATION : SALARPUR 
TUBEWELL No. 39 
1 . 
2. 
3 . 
4 . 
5. 
6. 
7. 
B. 
9. 
10. 
n. 
12. 
13 . 
14. 
Clay 
Fine sand 
Clay 
Very coarse sand 
Coarse sand 
Clay and Kankar 
Fine sand 
Medium bruwn sand 
Fine sand 
Coarse sand 
Coarse sand and Kankar 
Bajri and sand 
Sand 
Clay 
0 
6 . 7 0 -
12. 50 -
12.80 -
21.30 -
22.80 -
51.80 -
5G.70 -
59.14 -
(il .50 -
f)4.02 -
65.80 -
67.90 -
73.40 -
• 6.70 
- 12.50 
12.80 
21.30 
22.80 
51.80 
56.70 
59.14 
61.50 
64.02 
65.80 
67.90 
73.40 
76.20 
6.70 
5.80 
0.30 
8.50 
1.50 
28.90 
4.90 
2.40 
2.40 
2.50 
1 .8 
2.18 
5.50 
2.80 
-7-
S.No. IJTHOLOGY DFPTH RANGR THICKNFSS 
LOCATION : PIAOLI 
TUBEWELL No. 201 
1. 
2. 
3 . 
4 . 
5 . 
6. 
Surface clay 
Fine sand 
Clay and Kankar 
Fine to medium sand 
Medium sand 
sandstone 
Hard clay 
and 
LOCATION : HARDOI 
TUBEWELL No. 241 
Surface 
2. 
3 . 
4 . 
5. 
6. 
7 . 
8. 
9. 
c lay 
Medium sand 
Sandy clay 
Fine to medium sand 
Mntlium Rniul 
Medium sand 
Sandy clay 
Medium sand 
Clay medium 
0 . 0 0 - 3 . 0 0 3.00 
3.00 - 30.00 27.00 
30.00 - 40.00 10.00 
40.00 - 50.00 10.00 
50.00 - 78.00 20.00 
78.00 - 82.35 4.35 
0 . 0 0 - 6 . 0 9 6.09 
6.09 - 21.34 15.25 
21.34 - 30.48 9.14 
30.48 - 48.78 18.30 
48.78 - 70.12 21 .34 
70.12 - 73.15 3.03 
73.15 - 76.20 3.06 
76.20 - 91.46 15.26 
91.46 -121.90 30.52 
S.NO. LITHOLOGY DEPTH RANGE THICKNESS 
LOCATION : PITHANPUR 
TUBEWELL No 
1. 
2 . 
3 . 
4 . 
5 . 
6. 
7. 
8. 
9. 
10. 
1 1 . 
12. 
. 5 
Surface clay 
Fine 
Fine 
Clay 
Fine 
Clay 
Fine 
Fine 
wi th 
Clay 
jjand 
s;and medium sand 
with Kankar 
fjand with sandstone 
with Kankar 
sand with sandstone 
to medium sand 
sandstone 
with Kankar 
Medium stone 
Medium sand with 
stone 
Clay 
and p e b b l e s 
with Kankar 
0.00 
3.04 
6.09 
27.70 
30.40 
39.00 
50.30 
54.80 
63.70 
69.50 
82.30 
92.07 
- 3.04 
- 6.09 
- 27.70 
- 30.40 
- 39.00 
- 50.30 
- 54.80 
- 63.70 
- 69.50 
- 82.30 
- 92.07 
-100.6 
3.04 
3.04 
21.60 
2.70 
8.60 
11.30 
4.50 
8.90 
5. no 
12.80 
9.7 
7.9 
LOCATION : PACIINAF.A 
TUBEWELL No 
1. 
2 . 
3 . 
4 . 
. 110 
Surface c lay 
Fine 
Hard 
Fine 
sand 
clay F4 
sand 
Kankar 
0.00 - 3.05 
3.05 - 9.15 
9.15 - 15.20 
15.20 - 18.30 
3.05 
6.10 
6. or 
3.10 
S.No. LITHOLOCY DEPTH RANGE THICKNESS 
5. Hard c lay 1 8 . 3 0 - 2 4 . 4 0 6.10 
6. Fine to Medium sand 2 4 . 4 0 - 3 3 . 5 5 9.15 
7 . Clay Kankar 33.55 - 48.80 15.25 
8. Fine to medium sand 4 8 . 8 0 - 5 7 . 9 5 9.15 
9. Clay Kankar 57.95 - 79.80 21.85 
10. Medium sand 79.80 -109.00 29.20 
1 1 . Clay with Kankar 109.00 -110.00 1.00 
LOCATION : SIRAWALI 
TUBEWELL No. 75 
1 . Surfoco clay 0 . 0 0 - 4 . 0 0 4.00 
2. Fine sand 4.BO - 30.50 25.90 
3 . Clay • 30.50 - 50.00 19.50 
4 . Sand 50.00 - 99.50 49.50 
5 . Hard c lay 99.50 -119 .8 20.3U 
LOCATION : SIA P11R 
TUBEWELL No. 56 
1 . Surface clay 0 . 0 0 - 3 . 0 0 3.00 
2. Sand 3.00 - 21.02 18.02 
3 . Hard c lay 21.02 - 27.02 6.00 
4. Clny Knnknr 27.02 - 30.03 3.01 
TUBEWELL No 
1. 
2. 
3 . 
4 . 
5 . 
6. 
7. 
8. 
Fine 
Clay 
Fine 
Clay 
Sand 
Clay 
Sand 
Clay 
. 191 
sand 
Kankar 
to Medium sand 
with Kankar 
Kankar 
0.00 • 
9.51 • 
17.00 -
24.40 -
27.30 -
58.30 -
66.00 -
84.20 -
- 9.51 
- 17.00 
• 24.40 
• 27.30 
• 58.30 
- 66.00 
- 84.20 
• 91.50 
15. 
12. 
6 
5 
,01 
,01 
.61 
.40 
- 1 0 -
S.No. LITHOLOGY DEPTH RANGE THICKNESS 
5. Sand 30.03 - 45.04 
6. Medium sand 8 Stone 45.04 - 57.05 
7. Sand with Kankar 57.05 - 63.66 
8. Clay B Kankar 63.66 - 69.06 
LOCATION : NAMENI 
TUBEWELL No. 89 
1 . Surface clay 0 . 0 0 - 3 . 0 5 3.05 
2. Finn Hand 3.05 - H i .30 15.25 
3 . Clay and Kankar 1 8 . 3 0 - 2 4 . 4 0 6.10 
4 . Medium sand 24.40 -127.10 102.70 
LOCATION : BEGPUR 
9.51 
7.49 
7.40 
2.90 
31.00 
7.70 
18.20 
7.20 
- 1 1 -
LOCATION •: ALAMPUR RAINI 
TUBEWELL No. 117 
S.No. LITHOLUGY THICKNESS UHl'TH FMNGE 
1. 
2 . 
3 . 
4 . 
5 . 
6. 
7 . 
8. 
9. 
10. 
1 1 . 
Surface clny 
F'ine sand 
Hard c lay 
F^lne sand 
Clay 
BCankar 
r ino sand 
Clay 
Sfind 
Hard clay 
Snnd 
0.00 
3.96 
7.92 
11.88 
21.88 
26.88 
30.21 
36.48 
40.3r, 
68.59 
73. Mf) 
- 3.9G 
- 7.92 
- 11.88 
- 21.88 
- 26.88 
- 30.21 
- 36.48 
- 48.36 
- 68.59 
- 73.85 
- 81 .73 
3.96 
3.96 
3.96 
10.00 
5.00 
3.33 
6.27 
11.88 
20.23 
5.26 
7.«» 
-12-
S.No. LITHOLOGY DEPTH RANGE THICKNESS 
LOCATION : DADON 
TUBEWELL No. 222 
1^ 
2. 
3 . 
4 . 
5 . 
6. 
7. 
fl. 
9. 
10. 
1 1 . 
12. 
13 . 
14. 
Surface c lay 
Sand and clay 
Medium sand 
Clay and Kankar 
Yellow fine sand 
Clay and Kankar 
Medium sand 
Clny niid Knnknr 
Fine sand 
Medium sand 
Caving c lay 
Fine to Medium sand 
Medium sand 
CavlnR clay 
0.00 
4.00 
16.00 
21.00 
28.00 
36.00 
52.00 
no. 00 
64.00 
68.00 
76.00 
98.00 
100.00 
112.00 
- 4.00 
- 16.00 
- 21.00 
- 28.00 
- 36.00 
- 52.00 
- 60.00 
- r>4.()() 
- 68.00 
- 76.00 
- 98.00 
-100.00 
-112.00 
-120.00 
4.00 
12.00 
9.00 
7.00 
8.00 
16.00 
8.00 
4.00 
4.00 
8.00 
22.00 
2.00 
12.00 
8.00 
LOCATION : PALI 
TUBEWELL No. 57 
1 . Surface clay 
2. Sandy clay 
3 . Fine sand 
4 . Medium sand wi th stone 
0.00 - 3.00 
3.00 - 12.10 
12.10 - 36.50 
36.50 - 40.20 
3.00 
9.10 
27.40 
3.70 
- 1 3 -
S.NO. LITHOLOGY DEPTH RANGE THICKNESS 
5. 
6. 
7. 
8. 
9. 
10. 
1 1 . 
12. 
Kankar and clay 
Fine to Medium sand 
with sluno 
Clay and Kankar 
Caving c lay 
Medium sand 
Clay and Kankar 
Medium sand with stone 
Clay kankar 
40.20 - 50.90 
50.90 - 55.40 
55.40 - 88.40 
88.40 - 93.90 
93.90 -113.70 
113.70 -120.10 
120.10 -127.40 
127.40 -139.00 
10.70 
4.50 
33.00 
5.50 
19.80 
6.40 
7.30 
11.6 
LOCATION : RIJNPAN 
TUBEWELL No. 56 
1 . 
2. 
3 . 
4 . 
5 . 
6. 
7. 
8. 
9. 
10. 
Surface c lay 
Clny 
Sandy clay 
Fine sand 
Medium sand 
Kankar 
Clay 
Mnfliimi Rnrui 
Fine sand 
Sandy clay 
0.00 
fi.Of) 
12.19 
24.30 
57.90 
79.20 
82.30 
103.CO 
121.90 
128.00 
- 6.09 
- 12.19 
- 24.30 
- 57.90 
- 79.20 
- 82.30 
-103.60 
-121 .90 
-128.00 
-140.20 
6.09 
6.12 
12.20 
33.60 
21.30 
3.10 
21.30 
18.30 
6.10 
12.24 
- 1 4 -
S.No. LITHOLOGY DEPTH RANGE THICKNESS 
LOCATION : BADAUL 
TUBEWELL No. 52 
1. 
2. 
3 . 
4 . 
5. 
6. 
8. 
9. 
10, 
11 . 
12, 
13, 
14, 
Surface f i l l ing c lay 
Finn Rnnrl ynllow 
Fine sand and sandstone 
Clay and stone 
Fine sand 
Fine sand and 
sandstone 
Fine sand and 
sandstone ba j r i 
Clay and Kankar 
Fine sand, Bajri and 
sandstone 
Sandstone 
Clay and Kankar 
Fine sand, sands tone , 
Bajri and Pebb le s 
Sandy clay and Kankar 
Fine sand to medium 
sand sandstone , 
Bajri and Kankar 
0.03 - 3.04 
3.04 - fi.on 
6.08 - 1,5.20 
15.20 - 24.32 
24.36 - 26.37 
27.36 - 30.40 
30.40 - 33.44 
33.44 - 36.48 
36.48 - 45.50 
45.60 - 48.64 
48.64 - 51.68 
51.68 - 54.72 
54.72 - 57.76 
57.76 - 69.92 
3.04 
3.04 
9.12 
9.12 
3.04 
3.04 
3.04 
3.04 
9.12 
3.04 
3.04 
3.04 
3.04 
12.16 
15, Hard clay 69.92 - 72.96 3.40 
- 1 5 -
S.No. LOCATION DEPTH RANGE THICKNESS 
LOCATION : HABIRPUR 
TUBEWELL No. 78 
1. 
2. 
3 . 
4 . 
5 . 
6. 
7. 
8. 
9. 
10. 
1 1 . 
12. 
1 3 . 
14. 
15. 
16. 
17. 
Surface c lay 
Clay 
Fine snrid 
Clay and Kankar 
Fine sand 
Hard c lay 
Clay and Kankar 
Kankar 
Clay 
Fine sand 
Fine to .Tiodium sand 
and Kankar 
Clay and Kankar 
Kankar 
Very fine sand 
Clay and Kankar 
Fine to medium sand 
Fine to mo(Hum sand 
0.00 - 3.04 3.04 
3 . 0 4 - 1 5 . 2 0 12.20 
15.20 - 20.10 4.90 
20.10 - 24.30 4.20 
24.3D - 28.90 4.60 
28.90 - 33.50 4 .60 
33.50 - 36.50 3.00 
36.50 - 42.60 6.10 
42.60 - 48.70 6.10 
48.70 - 57.90 9.20 
57.90 - 65.60 7.90 
65.60 - 77.40 11.80 
7 7 . 4 0 - 7 9 . 2 0 1.90 
79.20 - 87.30 3.10 
82.30 - 96.00 13.70 
9(i.()() -103.60 7.60 
103.60 -109.70 6.15 
with sandstone 
18. Clay 109.70 -114.30 4.60 
S.No. LITHOLOGY 
LOCATION : NAGLA KHANJI 
TUBEWELL No. 79 
-16-
DEPTM RANGE THICKNESS 
1. Surface c lay 
2. Sand 
3 . Medium sand with stone 
4 . ' Sand 
5 . Sand with stone 
6. Clav with Kankar 
7. Fine to medium sand 
8. Medium sand with stone 
0.00 - 3.05 
3.05 - 48.80 
48.80 - 54.90 
54.90 - 61.00 
61.00 - 73.20 
73.20 - 79.30 
79.30 - 91.50 
91.50 -123.00 
3.05 
45.75 
6.10 
6.10 
12.20 
6.10 
12.20 
31.50 
LOCATION : KASGANJ 
TIIHEWELL Nn. JAF, NTGAM 
1. 
2, 
3, 
4. 
5, 
6, 
7, 
8. 
9. 
Surface clay 
Sandy clay 
Fine sand and Kankar 
Fine to medium sand 
Clay and Kankar 
Fine to medium sand 
and Kankar 
Clay and Kankar 
Fine to medium sand 
Clay Kankar 
0 
0 
4 
2 1 . 
4 4 . 
5 7 . 
.00 • 
.90 • 
.50 • 
,60 -
10 -
57 -
- 0 . 9 0 
- 4 . 5 0 
- 2 1 . 6 2 
• 4 4 . 1 0 
• 5 7 . 0 5 
• 7 0 . 5 7 
70.57 - 73.57 
73.57 - 82.58 
H2.58 - 93.09 
0.90 
3 . (iO 
17.12 
22.52 
12.95 
13.00 
3.00 
9.01 
10.51 
- 1 7 -
S.No. LITHOLOGY DEPTH RANGE THICKNESS 
LOCATION : SALEMPUR 
TUBEWELL No. 65 
1 . 
2 . 
3 . 
4 . 
5 . 
Surface clay 
Sand 
Clay 
Sand 
Clay and Kankar 
0.00 - 4.00 
4.00 - 52.00 
52.00 - 62.00 
62.00 - 99.00 
99.00 -106.75 
4.00 
48.00 
10.00 
37.00 
7.75 
LOCATION : FIROZPUR 
TUBEWELL No 
1. 
2. 
3 . 
4 . 
5. 
. 103 
Surface clay 
Fine 
Clay 
Fine 
Clay 
sand 
and Knnkar 
to medium sand 
and Kankar 
0.00 - 3.00 
3.00 - 36.00 
36,00 - 5n.no 
58.00 -113.00 
113.00 -123.00 
3.00 
33.00 
22.00 
58.00 
10.00 
LOCATION : GANGIRI 
TUBEWELL No. 108 
1 . Surface clay 
2 . Fliio sand 
3 . Clay and Kankar 
0.00 - 3.00 
3.0(J - (i.OO 
6.00 - 12.01 
3.00 
3.00 
6.01 
- 1 8 -
S.No. LITHOLOGY DEPTH RANGE THICKNESS 
4 . Fine to medium sand 12.01 - 30.94 18.92 
5 . Clay 30.93 - 33.93 3.00 
6. Clay and Kankar 33.93 - 47.44 13.51 
7 . Sand 47.44 - 52.25 4 .81 
8. Clay and Kankar 52.25 - 66.06 13.81 
9. Sand 66.06 - 96.06 30.03 
10 . Clay and Kankar 9 6 . 0 6 - 9 9 . 0 9 3.03 
LOCATION : RUKHALA 
TUBEWELL No 
1 . 
2. 
3 . 
4 . 
5 . 
6. 
7 . 
0. 
9. 
10. 
. 102 
Surface clay 
Clny 
Sand 
Clay 
Sand 
Clay 
Sand 
Clay 
Sand 
Clay 
knnknr 
kankar 
knnkar 
kankar 
knnknr 
0.00 - 3.00 3.00 
3.00 - fi.no 3.00 
6.00 - 24.02 18.00 
24.02 - 30.00 6.00 
30.00 - 33.03 3.00 
33.03 - 46.04 13.01 
46.84 - 56.75 9.91 
56.75 - 75.07 18.32 
75.07 -102.70 27.63 
1 0 2 . 7 0 - 1 1 4 . 1 1 11 .41 
- 1 9 -
S.No. LIT»OI,OGY DFPTM RANGE TUICKNF'SS 
LOCATION : PUSAWALI 
TUBEWELL No. 96 
1. 
2 . 
3 . 
4 . 
5 . 
6. 
7 . 
8. 
9. 
10. 
1 1 . 
12 . 
13 . 
14. 
in. 
16. 
17. 
18 . 
S t icky clay 
Clay and kankar 
Medium sand 
Clay 
Clay and kanka r 
Clay kankar 
Clay 
S t icky clay 
• 
Clay stono 
Clay 
Medium sand 
Coarse sand 
Clny 
Fine to medium sand 
l''Jno Hfind 
Fine medium sand 
Kankar and sand stone 
Clay 
().()() 
8.50 
13.40 
19.80 
29.20 
32.00 
42.60 
50.30 
57.90 
67.10 
72.50 
82.30 
86.20 
90.20 
97.50 
100.00 
103.60 
105.70 
- H. 50 
- 13.40 
- 19.80 
- 29.20 
- 32.00 
- 42.60 
- 50.30 
- 57.90 
- 67.10 
- 72.50 
- 82.30 
- 86.20 
- 90.20 
- 97.50 
-100.00 
-103.60 
-105.70 
-109.70 
H . n o 
4.90 
6.40 
9.40 
2.80 
10.60 
7.70 
7.60 
9.20 
5.40 
9.80 
3.90 
4.00 
7.30 
2.50 
3.60 
2.10 
4.00 
-20-
S.No. LITHOLOGY DEPTH RANGE THICKNESS 
LOCATION : UTRA 
TUBEWELL No. 183 
1 . 
2 . 
3 . 
4 . 
5 . 
6. 
7 . 
8. 
9. 
Surlaco clay 
Clay and kanka r 
Fine to medium sand 
Clay and kankar 
Hard clay 
Fine to medium sand 
Medium to coa r se sand 
Medium to coarse sand 
Hard clay 
U.UU • 
3.00 • 
12.61 • 
17 .11 -
27.02 -
56.45 -
63.06 • 
67.56 • 
81.08 -
- 3.0U 
- 12.61 
- 17.11 
- 27.02 
- 56.45 
- 63.06 
- 67.56 
- 81.08 
- 90.00 
3.00 
9.61 
4.50 
9.91 
29.43 
6.61 
4.50 
13.52 
8.92 
1. 
2 . 
3 . 
4 . 
5 . 
6. 
7 . 
8. 
9. 
10. 
Clay 
Sand 
Clay 
Sand 
Clay 
Sand 
Clay 
Snnd 
Clay 
Sand 
0.00 • 
4.27 -
5.49 • 
10.37 -
78.60 -
- 4.27 
- 5.49 
- 10.37 
• 18.60 
• 23.79 
23.79 - 29.89 
29.89 - 38.12 
38.12 - 45.45 
45.45 - 57 .95 . 
57.95 - (il.OO 
4.27 
1.22 
4.88 
8.23 
5.19 
6.10 
8.23 
7.33 
12.55 
; i . ( )n 
- 2 1 -
S.No. LITIIOLUGY UI-I'TIi KANCi',' •J'llICKNI'.'SS 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
Clay 
Bund 
Clay 
Sand 
Clay 
Medium sand 
Clay 
61.00 - 89.97 
09.97 -lU2.fiO 
102.50 -123.20 
123.20 -129.32 
129.32 -133.59 
133.59 -135.40 
135.40 -139.08 
28.97 
12.53 
20.70 
6.12 
1.81 
LOCATION : TIKTA 
TUBEWELL No. 152 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
Clay kankar 
Sand 
Clny 
Sand 
Clay 
Sand 
Clay 
Sand 
Clay 
Clay 
Sand 
Clay 
Sand 
Sand 
Clay 
0 
3 
19 
24, 
27, 
28 
29, 
35, 
38, 
45, 
53, 
67, 
69, 
75, 
83, 
.00 • 
.66 • 
.52 -
,40 • 
.14 -
.06 • 
.28 • 
.99 -
,43 -
,75 -
.98 -
.10 -
.23 -
.03 -
.57 -
- 3 
- 19 
- 24, 
- 27, 
- 28, 
- 29, 
- 35, 
- 38. 
- 45. 
• 53, 
- 67, 
- 69, 
- 75, 
- 83, 
- 86, 
.66 
.52 
.40 
,14 
.06 
,28 
.99 
.43 
,75 
.98 
.10 
.23 
.03 
,57 
,01 
3.66 
15.86 
4.88 
2.74 
0.92 
1 .22 
6.71 
2.44 
7.32 
8.23 
13.12 
2.13 
1.00 
8.57 
8.57 
-22-
S.No. LITHOLOGY DEPTH RANGE THICKNESS 
LOCATION : CHANDAULI 
TUBEWELL No. 122 
1 . 
2 . 
3 . 
4 . 
5 . 
6. 
7 . 
8. 
9 . 
10. 
Surface c lay 
Fine Sand 
Fine to medium sand with 
stone 
Medium sand with Ranker 
Hard clay 
Fine to medium sand 
Clay 
Clay and kanka r 
Sand 
Hard clay 
0.00 • 
3.60 • 
6.00 • 
21.00 -
33.03 -
44.44 -
51.05 -
57.65 -
64.56 • 
82.88 • 
- 3.60 
- 6.00 
- 21.00 
• 33.03 
• 44.44 
- 51.05 
- 57.65 
- 64.56 
- 82.88 
- 86.48 
3.60 
2.40 
15.02 
12.03 
11.41 
6.61 
6.60 
6.91 
5.44 
3.60 
APPENDIX - III (A) 
lUiriiiltn (jf iiHi(.li(uil(./iI OIWIIV'IIM of (njiiJInr i/ml(tj|/il 
LOCATION : KHERIA 
Mesh 
No. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
Size In 
(mm) 
0.84 
0 .71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.62 
0.62 
Weight 
re ta ined 
in gram 
-
0.21 
0.19 
0.52 
3.15 
4 .51 
37.19 
29.77 
18.32 
5.03 
Weight % 
re ta ined 
-
0.21 
0.19 
0.52 
3.18 
4.55 
37.55 
30.05 
18.49 
5.07 
Cumulative 
weight % 
re ta ined 
— 
0.21 
0.40 
0.92 
4.10 
8.65 
46.2 
76.25 
94.74 
99.81 
Cumulative 
weight % 
pass ing 
100.00 
99.79 
99.60 
99.08 
95.90 
91.35 
53.80 
23.75 
5.26 
0.19 
LOCATION : RUNPAN 
- 2 -
Mesh 
No. 
2U 
25 
35 
45 
60 
80 ' 
120 
170 
230 
Pan 
Size in 
(mm) 
0.04 
0 .71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
0.06 
Weight 
r e ta ined 
in gram 
_ 
2.68 
0.18 
0.29 
3.05 
6.12 
41.96 
24.39 
15.15 
5.55 
Weight % 
re ta ined 
^ 
2.69 
0.18 
0.29 
3.06 
6.15 
42.22 
24.54 
15.24 
5.85 
Cumulative 
weight % 
re ta ined 
<» 
2.69 
2.87 
3.16 
6.22 
12.37 
54.59 
79.13 
94.37 
100.24 
Cumulative 
weight % 
pass ing 
lUU.OO 
97.31 
97.13 
96.84 
93.78 
87.63 
45.41 
20.87 
5.63 
0.00 
LOCATION : CHAUMUHA 
DEPTH 50' 
Mesh 
No, 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Fan 
Size in 
(mm) 
0.84 
0 .71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
0.06 
Weight 
r e ta ined 
in gram 
. 
3.13 
1.47 
7.55 
112.08 
25.76 
39.88 
4.52 
2.39 
1.21 
Weight % 
re ta ined 
^ 
1.58 
0.74 
3.81 
56.60 
13.01 
20.14 
2.28 
1.20 
0.61 
Cumulative 
weight % 
re ta ined 
_ 
1.58 
2.32 
6.13 
62.73 
75.74 
95.88 
98.16 
99.36 
99.97 
Cumulative 
weight Is 
pass ing 
100.00 
98.42 
97.68 
93.87 
37.27 
24.26 
4.12 
1 .84 
0.64 
0.00 
LOCATION : GHAZIPUR 
DEPTH 120' 
-4-
Mesh 
No. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pnn 
Size In 
(mm) 
0.84 
0 .71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
O.OG 
Weight 
r e ta ined 
in gram 
.. 
6.09 
4.28 
23.11 
109.37 
17.32 
29.45 
3.22 
3.22 
1 .2n 
Weight % 
re ta ined 
^ 
3.08 
2.17 
11.70 
55.41 
8.77 
14.92 
1.63 
1.63 
0. Of) 
Cumulative 
weight % 
re ta ined 
. 
3.08 
5.25 
16.95 
72.36 
81.13 
96.05 
97.68 
99.31 
n<).<m 
Cumulative 
weight % 
pass ing 
100.00 
96.92 
94.75 
83.05 
27.64 
18.87 
3.95 
2.32 
0.69 
O.O-l 
LOCATION GHINAUNA 
DEPTH 60 ' 
-5 -
Mesh 
No. 
Size in 
(mm) 
Weight 
re ta ined 
in gram 
Weight % 
re ta ined 
Cumulative 
weight % 
retained 
Cumulative 
weight % 
pass ing 
20 
25 
35 
45 
60 
80 
120 
170 
230 
I'ai i 
0.84 
0 .71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
U.U6 
-
0.96 
1.91 
6.87 
73.14 
41.05 
60.68 
6.30 
3.37 
3.4y 
-
0.48 
0.96 
3.46 
36.98 
20.75 
30.68 
3.18 
1.70 
1.7(i 
-
0.48 
1.44 
4.90 
41.88 
63.63 
93.31 
96.99 
98.19 
< ) < ) . Df) 
100.00 
99.52 
98.56 
95.10 
58.12 
37.37 
6.69 
3.51 
1.81 
().()!". 
LOCATION : FIROZPUR SUHELA 
DEPTH 26 ' 
-6-
Mosh 
No. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
Size In 
(mm) 
0.84 
0 .71 
0.50 
0.35 
0.25 
0.17 
0.12 
o.on 
0.06 
0.06 
Wnifiht 
re ta ined 
in gram 
0.19 
0.22 
1.88 
43.39 
37.92 
91.32 
iri.r.n 
5.77 
1.83 
WniRht "k 
re ta ined 
0.09 
0.11 
0.95 
21.89 
19.13 
46.09 
7.87 
2.91 
0.92 
niimulntivn 
weight % 
r e t a ined 
0.09 
0.20 
1.15 
23.04 
42.17 
99.25 
^n.^?. 
99.03 
99.95 
Ciimnlntivn 
weight % 
pass ing 
100.00 
99.91 
99.98 
98.85 
76.96 
57.83 
11.57 
3.88 
0.97 
0.00 
LOCATION : DHOLANA 
- 7 -
Mesh Size in Weight Weight % Cumulative Cumulative 
No. (mm) retained retained weight % weight % 
in gram retained passing 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
0.06 
-
0.80 
0.48 
2.50 
31.65 
23.53 
32.93 
4.15 
1.62 
0.81 
-
0.08 
0.48 
2.53 
32.14 
23.89 
33.44 
4.21 
1.64 
0.82 
-
0.80 
0.56 
3.09 
35.23 
59.12 
92.56 
96.77 
90.41 
99.23 
100.00 
99.92 
99.44 
96.91 
64.77 
40.88 
7.44 
3.29 
1.59 
0.77 
APPENDIX - III (B) 
Results of mechanical analysis of the Ganga sand, 
LOCATION : GANGA - MOOUAMMADPUR 
DEPTH : 30' 
Mesh Size in Weight Weight % Cumulative Cumulative 
No. (mm) retained retained weight % weight % 
in grnm rntnlnnd pnRRinR 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
0.06 
-
0.02 
0.10 
0.69 
13.09 
23.14 
51.64 
7.42 
1.87 
0.44 
-
0.02 
0.10 
0.70 
13.30 
23.51 
52.46 
7.53 
1.90 
0.44 
-
0.02 
0.12 
0.82 
14.12 
37.63 
90.09 
97.62 
99.52 
99.96 
100.00 
99.98 
99.88 
99.18 
85.88 
62.37 
9.91 
2.38 
0.48 
0.04 
LOCATION : GANGA - MOHAMMADPUR 
DEPTH : 60 cm 
-2-
Mesh Size In Weight Weight % Cumulntlve Cumulntivn 
No. (mm) re ta ined re ta ined weight % weight % 
in gram re ta ined pass ing 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
O.OG 
O.nfi 
-
0.03 
0.09 
0.37 
2.49 
6.22 
51.97 
24.46 
10.26 
3.38 
-
0.03 
0.09 
0.37 
2.50 
6.26 
52.35 
24.63 
10.33 
3.40 
0.03 
0.12 
0.49 
2.99 
9.25 
61.60 
86.23 
96.56 
99.96 
100.00 
99.97 
99.88 
99.51 
97.01 
90.75 
38.40 
13.77 
3.44 
0.04 
LOCATION : MAHMOODPUR 
DEPTH : 1 m 
MoRh Size In WoiRht WoiRht % r n m n l n t i v n r n i i n i l n t l v n 
No. (ii i i i i) re tn lnod le ta l i iHt l weight % W H I H I I I HI 
in gram re ta ined pass ing 
20 
25 
35 
45 
GO 
80 
120 
170 
230 
Pan 
0.84 
0.71 
0.50 
0.35 
0.2!") 
0.17 
0.12 
0.08 
0.06 
0.06 
-
0.03 
0.06 
0.26 
2.r.n 
7.42 
58.67 
21.37 
6.60 
1.77 
-
0.03 
0.06 
0.26 
2.71 
7.50 
59.34 
21.61 
6.60 
1.79 
0.03 
0.09 
0.35 
n.Ofi 
10.56 
69.90 
91.51 
98.10 
99.90 
100.00 
99.97 
99.91 
99.65 
nr).f)4 
89.44 
30.10 
8.49 
1.89 
• 0.00 
LOCATION : GANGA (K) 
DEPTH : 30 cm 
-4-
Mesh Size In Weight Weight % Cumulative Cumiilntivn 
No. (riini) rolQliiod rotnlimd weight % wolf^lil \ 
in gram re ta ined passing 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
0.06 
-
0.02 
0.06 
0.50 
8.98 
18.39 
52.90 
10.07 
4.87 
3.09 
-
0.02 
0.06 
0.50 
9.08 
18.600 
53.49 
10.18 
4.92 
3.12 
0.02 
0.08 
0.13 
9.21 
27.81 
81.30 
91.48 
96.40 
99.52 
100.00 
99.98 
99.92 
99.87 
90.79 
72.19 
18.70 
8.52 
3.60 
0.48 
LOCATION : GANGA (K) 
DEPTH : 60 cm 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
0.84 
0.71 
0.50 
0.35 
9.25 
0.17 
0.12 
0.08 
0.06 
0.06 
-5-
Mesh Size in Weight Weight % Cumulative Cumulative 
No. (mm) rRtaineri rotninod wolght % weight % 
in gram re t a ined pass ing 
100.00 
0.02 0.02 0.02 99.98 
0.97 0.09 0 .11 99.89 
0.51 0.51 0.62 99.38 
3.49 3.54 0.41 95.84 
7.23 7.34 11.5 88.50 
53.11 53.87 65.37 34,63 
20.10 20.40 85.77 14.23 
11.12 11.30 97.07 2.93 
2.86 2.90 99.97 0.00 
LOCATION : GANGA (K) 
DEPTH : 90 cm 
-6-
Mesh Size in Weight Weight % Cumulative Cumulative 
No. (mm) retained retained weight % weight % 
in gram retained passing 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
0.06 
-
0.01 
0.06 
0.35 
3.85 
16.93 
53.10 
17.98 
3.57 
3.05 
-
0.01 
0.06 
0.35 
3.89 
17.11 
53.69 
18.17 
3.60 
3.08 
-
0.01 
0.07 
0.42 
4.31 
21.42 
75.10 
93.28 
96.88 
99.96 
100.00 
99.99 
99.93 
99.58 
95.69 
78.58 
24.89 
6.72 
3.12 
0.04 
APi'F.Nnix - III ( n ) 
Resul ts of mechanical a n a l y s i s of Kali River sand, 
LOCATION : KALI RIVER (RAILWAY BRIDGE) 
DEPTH 30 cm 
Mesh Size in 
No. (mm) 
Weight Weight % 
re ta ined re ta ined 
In gram 
Cumulat ive 
weight \ 
r e t a ined 
Cumulative 
weight % 
passing 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
00.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
0.06 
-
0.41 
0.17 
0.07 
3.82 
5.72 
46.32 
26.19 
11.43 
5.15 
-
0.04 
0.17 
0.67 
3.83 
5.74 
46.54 
26.31 
11.48 
5.17 
0.04 
0.21 
0.08 
4.71 
10.45 
56.99 
83.30 
94.79 
99.96 
100.00 
99.96 
99.79 
99.12 
95.29 
89.55 
43.01 
16.70 
5.22 
0.00 
LOCATION : KALI RIVER (RAILWAY BRIDGE) 
DEPTH : 60 cm 
- 2 -
Slze in Weight Weight % Cumulative Cumulative 
Mesh (mm) re ta ined re ta ined weight % weight % 
No. In grnm rntnlnnd pdfiMinK 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0. on 
0.06 
0.06 
-
0.45 
0.92 
2.20 
6.54 
6.00 
44.71 
20. 3M 
11.02 
6.11 
-
0.45 
0.93 
2.31 
6.64 
6.09 
45.42 
20.70 
11.19 
6.20 
0.45 
1.38 
3.69 
10.33 
16.42 
61.84 
82.54 
93.73 
99.93 
100.00 
99.55 
98.62 
96.31 
89.67 
03.58 
38.16 
17.4(i 
6.27 
0.00 
LOCATION : KALI RIVFR (RAILWAY BRIDGE) 
DEPTH : 90 cm 
- 3 -
Mesh 
No. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
Slze3 in 
(mm) 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
0.06 
WeiRht 
re ta ined 
in gram 
0.30 
1.84 
4.58 
7.13 
5.59 
40.69 
20.31 
l j . 7 5 
6.88 
Weight % 
re ta ined 
0.30 
1 .84 
4.62 
7.20 
5.60 
41.07 
20.73 
11.86 
6.94 
Cumulative 
weight % 
re ta ined 
0 .30 
2.14 
6.76 
13.96 
19.60 
60.67 
81.40 
93.26 
100.00 
Cumulative 
weight % 
pass ing 
100.00 
99.70 
97.86 
93.24 
86.04 
80.40 
39.33 
18.60 
6.74 
0.00 
LOCATION : KALI KIVI':K (UOAI) nini)(;i-) 
DFPTH : 3n cm 
-4-
Mesh 
No. 
Size i n 
(mm) 
Weight 
re ta ined 
in Rram 
Weight % 
re ta ined 
Cumulative Cumulative 
weight % weight % 
retained pasRing 
20 
25 
35 
45 
60 
80 
120 
170 
230' 
I'nn 
0.84 
0.71 
0.51 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
0.06 
-
0.04 
0.16 
0.55 
4.22 
7.68 
57.82 
19.42 
6.69 
2.19 
-
0.04 
0.17 
0.56 
4.26 
7.75 
58.38 
19.61 
6.75 
2.21 
-
0.04 
0.21 
0.77 
5.03 
12.78 
71.16 
90.77 
97.52 
99.73 
100.00 
99.96 
99.79 
99.23 
94.97 
87.22 
28.84 
9.23 
2.48 
0.00 
LOCATION : KALI RIVER (ROAD BRIDGE) 
DEPTH 60' cm 
-5-
Mesh 
No. 
Size In 
(mm) 
Weight 
re ta ined 
in gram 
Weight % 
retained 
Cumulative Cumulative 
weight % weight % 
rotainod poBsing 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
0.06 
-
0.01 
0.07 
0.21 
2.54 
6.82 
60.82 
20.58 
6.47 
1.72 
-
0.01 
0.07 
0.21 
2.55 
6.86 
61.24 
20.72 
6.51 
1.73 
-
0.01 
0.80 
0.29 
2.84 
9.70 
70.94 
91.66 
98.17 
99.99 
100.00 
99.99 
99.92 
99.71 
97.16 
90.30 
29.06 
8.34 
1 .83 
O.UO 
LOCATION : KALI RIVER (ROAD BRIDGE) 
DEPTH : 90 cm 
Mesh 
NO. 
Size in 
(mm) 
Weight 
retained 
in gram 
Weight % 
retained 
Cumulative Cumulative 
weight % weight % 
rotninod passing 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
0.84 
0 .71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
0.06 
-
0.01 
0.09 
0.32 
6.34 
18.58 
56.72 
10.95 
3.44 
1.87 
-
0.01 
0.09 
0.32 
6.44 
18.89 
57.68 
11.13 
3.50 
1.90 
-
0.01 
0 .11 
0.53 
6.97 
25.86 
93.54 
94.07 
98.17 
100.00 
99.90 
99.58 
93.14 
74.25 
16.57 
5.44 
1.94 
1.94 
0.00 
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APPENDIX - V 
ShowR tho I ' iozo inot r lc Lovo l 
Location R.L . 
P iezomet r ic 
Leve ls 
P iezomet r ic 
su r face (a .m .SL) 
Atraul i 
Cobll 
Narauna 
I lusainpur 
B idha r i 
Chaka tha l 
Baria 
Khorin 
Qasimpur 
Utra 
Pa l i 
LoRharh 
I labi t ipur 
Anil 
Rukhela 
Bainkalan 
Bhamori Buzurg 
Bijauli 
P i t hanpur 
Kainsai 
Dhansar i 
186 
183 
183 
182 
174 
186 
184 
186 
186 
183 
185 
186 
180 
181 
179 
179 
180 
183 
184 
182 
179 
8.62 
7.2 
6.1 
10.n 
10.76 
5.6 
12.0 
5.6 
7.62 
8.0 
9.14 
7.62 
10.06 
8.0 
9.6 
6.4 
5.7 
8.53 
6.4 
8.0 
9.76 
177.3 
175.n 
176.5 
171 .5 
163.0 
180.4 
172.0 
180.0 
177.38 
175.0 
175.6 
178.38 
170.0 
173.0 
169.4 
173.6 
174.3 
174.47 
177.6 
174.0 
169.24 
- 2 -
Locatlon R.L, Piezometr ic l e v e l s 
P iezomet r ic sur face 
( a . m . S . L . ) 
Ghinauna 
SirnwJl 
Namaini 
Fa t ehpu r 
Nagla Khanji 
Mehewa Kalan 
Narauli 
Kasganj 
Bilram 
175 
1172 
177 
169 
175 
177 
171 
172 
177 
5.5 
10.5 
3.0 
10.0 
9.15 
5.5 
3.0 
5.1 
8.0 
169.5 
1 r.fi. 5 
174.0 
159.0 
165.85 
171.5 
168.0 
1G7.0 
169.0 
APPENDIX - VI 
ShowInR tho voluos of T r a n s m l s s l v l t v ( T ) , Pormonbl l l tv (K) nnd Spocific Cnpncltv Tndox, 
tabula ted ns por l.oi^iin's (19(i4) lorimihi 
I,ocatlon 
Gobll 
Narauna 
Husalnpur 
Chaka tha l 
Gangiri 
Bar ia 
Fusawal i 
Kheria 
Utra 
Tevtu 
Pa l i 
S a l a r p u r 
Lohgarh 
Badaul 
Hab lbpur 
Chab i l pu r 
Arni 
T ik ta 
Rukhela 
Bhamori Buzurg 
Bijauli 
Pi thanpu r 
Nagla Kamsai 
Dhansar l 
Ghinauna 
SIrawal l 
Th ickness 
of arjuifor 
t apped 
42.98 
34.45 
18.59 
30.0 
26.2 
19.23 
27.75 
29.4 
21.2 
25.6 
62.7 
37.48 
34.87 
26.2 
29.57 
21.0 
40.5 
30.5 
58.54 
30.02 
20.73 
40.8 
30.0 
21.3 
45.36 
34.43 
Discharge 
in / d a y 
4486.32 
3975.6 
2086.56 
3975.6 
3207.6 
4313.52 
3823.2 
4847.04 
5205.6 
2942.4 
5824.8 
2937.6 
6120.0 
3006.7 
3909.6 
3034.8 
3965.28 
4250.88 
8586.0 
4485.0 
2592.0 
4968.0 
3130.32 
3820.8 
7838.2 
5949.5 
Draw down 
(m) 
4.87 
5.5 
5.5 
5.5 
2.43 
5.5 
5.5 
7.01 
5.8 
5.25 
3.65 
7.3 
5.5 
3.65 
5.5 
5.5 
4.0 
6.7 
4.95 
7.0 
3.4 
6.09 
3.65 
7.2 
7.0 
7.0 
Spcc l l lc 
capac i ty 
m / d a y 
921.21 
722.83 
379.37 
722.8 
1320 .0 
784.27 
695.12 
692.43 
897.51 
560.45 
1595.83 
402.40 
1112.72 
823.75 
710.83 
551.78 
991.32 
634.45 
1734.54 
640.0 
762.35 
828.0 
857.62 
530.66 
1119.74 
849.92 
1 r a n s m i s s i v l t y 
III / d a y 
1123.88 
881.86 
462.83 
881.86 
1610.4 
956.81 
848.05 
844.76 
1094.96 
683.75 
1946.9 
490.94 
1357.52 
1004.98 
067.22 
673.17 
1209.41 
774.04 
2116.14 
781.77 
930.07 
1010.16 
1046.29 
647.4 
1366.0 
10,16.9 
Pe rmeab i l i t y 
m/day 
26.14 
25.59 
24.89 
29.40 
61.5 
49.75 
30.56 
28.73 
51.6 
26.70 
31.05 
13.0 
38.93 
38.35 
29.32 
32.05 
29.86 
25.37 
36.14 
26.05 
44.86 
24.75 
34.89 
30.35 
30.11 
30.11 
Yield 
fac;t(i i ' 
m/day 
21.43 
21.0 
20.4 
24.09 
50.38 
40.78 
25.04 
23.55 
42.33 
21.89 
25.45 
10.73 
31.9 
31.4 
24.0 
26.27 
24.47 
20.80 
20.62 
21.33 
36.75 
20.3 
28.5H 
24.90 
24.08 
24.68 
Location 
Nameni 
Nagla Khanji 
Slapur 
Mahawa Kalan 
Narauli 
Mamu 
Birsua 
Begpur 
Soron 
Bilram 
Jamona 
Bhabh iga rh l 
Piaol l 
Gazipur 
Ka7imabad 
Atraul i 
Suiilini n 
Nosha 
Qaslmpur 
NiiiiptKin 
KnsgnnJ 
Snlooinpur 
Naugaon 
Thickness 
of aquifer 
tapped 
33.6 
41.56 
31.5 
49.5 
39.67 
30.36 
46.71 
37.0 
31.46 
28.64 
33.5 
25.30 
36.17 
25.8 
28.8 
26.13 
70.1? 
30.7 
15.77 
,i'..l) 
26.99 
39.72 
40 
Discharge 
m / d a y 
5799.16 
5984.6 
4995.27 
8553.6 
3630.33 
4809.02 
6726.2 
4924.8 
2880.0 
2592.0 
2937.6 
3542.4 
4654.8 
4924.8 
6123.6 
4860.0 
47;M.(1 ') 
3365.4 
2192.4 
(iN I.I) 
2664.0 
4841,0 
4313.5 
Drawn down 
(tn) 
4.95 
7 . 0 
5.18 
6 . 7 
5 . 0 
5 . 0 
3.35 
7 . 0 
3.81 
4 . 9 
3 . 6 
6 . 5 
8 . 2 
7.31 
3.04 
5 . 0 
7. 11 
5 . 8 
5 . 3 
11).'i 
4.26 
2.13 
7.62 
Specif ic 
capac i ty 
m / d a y 
1171.54 
854.94 
9C4.38 
1276.65 
726.0 
961.8 
2007.82 
703.5 
755.9 
528.97 
816.0 
544.98 
565.58 
673.7 
2041 .2 
972.0 
'./II.4 
580.24 
413.7 
Mid.(Ill 
625.35 
2272.76 
566.07 
T ransmi s s iv l t y 
m / d a y 
1429.28 
1043.03 
1176.49 
1557.52 
885.80 
1173.4 
2449.54 
858.3? 
922.2 
645.35 
995.5 
664.88 
690.01 
821.9 
2490.26 
11R5.85 
/ll'i.li 
707.89 
504.7 
/ Id . m 
762.92 
2 7 / / . (, 
690.6 
Pe rmeab i l i t y 
m/day 
42.5 
25.09 
37.34 
31.46 
22.32 
38.6 
52.44 
23.19 
29.31 
22.53 
29.7 
26.27 
19.07 
31.8 
86.46 
45.38 
I ' i .d/ 
23.05 
31.5 
/I). 5/ 
28.25 
69.8 
17.26 
Yield 
factor 
m/day 
34.86 
20.6 
30.6 
_25.79 
18.3 
31.67 
43.0 
19.01 
24.02 
18.5 
24.35 
21.54 
15.63 
26.1 
70.87 
37 2 
/d . / t 
18.9 
26.18 
11..11/ 
21.1(1 
57 21 
14. in 
APPENDIX - VII (A) 
Pump Test Data of P a h a r i p u r 
OBSERVATIONS DURING PUMPING 
DRAW TIME IN TIME IN 
HOURS MINUTES MAIN WELL 
DOWN IN 
OBS. WELL 
REMARKS 
22.0 
22.005 
22.01 
22.015 
22.02 
22.025 
22.03 
22.04 
22.05 
22.06 
22.07 
2 2. on 
22.09 
22.10 
22.12' 
22.14 
22.16 
22.18 
0 
0.5 
1 
1.5 
2 
2.5 
3 
4 
5 
6 
7 
(1 
9 
10 
12 
14 
16 
18 
0.00 
6.90 
7.60 
7.76 
7.835 
7.925 
7.985 
8.05 
8.08 
8.08 
8.08 
(1.085 
8.095 
8.10 
8.11 
8.10 
8.135 
8.125 
0.00 
0.03 
0.05 
0.07 
0.085 
0.09 
0.105 
0.115 
0.125 
0.135 
0.135 
i).\A 
0.145 
0.15 
0.155 
0.16 
0.16 
0.165 
Pump s t a r t e d 
- 2 -
TIME IN TIME IN DRAW 
HOURS MINUTES MAIN WELL 
DOWN IN 
OBS. WELL 
REMARKS 
22.20 
22.25 
22.30 
22.35 
22.40 
22.45 
22.50 
22.55 
23.00 
23.10 
23.20 
23.30 
23.40 
23.50 
24.00 
().:)() 
1.00 
1.30 
2.00 
2.30 
3.00 
3.30 
20 
25 
30 
35 
40 
45 
50 
55 
60 
70 
80 
90 
100 
110 
120 
150 
180 
210 
240 
270 
300 
330 
8.125 
0.285 
8.26 
a. 29 
8.31 
8.375 
8.555 
8. GO 
8.62 
8.565 
8.395 
8.34 
8.53 
8.62 
8.65 
11.1115 
8.34 
8.89 
8.64 
8.60 
8.G2 
8.C7 
0.17 
0.175 
0.18 
0.105 
0.19 
0.195 
0.20 
0.21 
0.22 
0.225 
0.23 
0.24 
0.25 
0.255 
0.265 
0.27 
0.30 
0.30 
0.30 
0.30 
- 3 -
TIME IN TIME IN DRAW 
HOURS MINUTES MAIN WELL 
DOWN IN 
OBS. WELL 
REMARKS 
4.00 
4.40 
5.30 
6.20 
7.10 
8.00 
8.50 
9.40 
11.20 
13.00 
14.40 
1620 
18.00 
19.440 
23.00 
0.45 
360 
400 
450 
500 
550 
600 
650 
700 
800 
900 
1000 
1100 
1200 
1300 
1500 
1605 
8.605 
8.435 
8.365 
8.485 
8.562 
8.95 
8.575 
8.68 
8.56 
8.625 
8.56 
8.585 
8.80 
8.40 
8.74 
8.75 
0.32 
0.33 
0.335 
0.34 
0.35 Power cut for 5 second 
0.355 
0.36 
0.37 
0.38 
0.395 
0.41 
0.415 
0.43 
0.44 
0.45 Power cut for 5" 
0.45 Pump Rtnppnd 
APPENDIX - VII (B) 
I'ump tost data of Uanpur 
SI. 
No. 
Time ( t ) s ince 
pumping 
s t a r t e d in 
minutes. 
1 . 
2 . 
3 . 
4 . 
5 . 
6. 
7. 
8. 
9. 
in. 
1 1 . 
12 . 
13 . 
14. 
15 . 
16. 
17. 
18 . 
0.0 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4 .0 
4 .5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
8.0 
8.5 
Draw down obse rved in di f ferent obse rva t ion 
wel l s ( in metres) 
Obs . well Obs . well 
No. 1 No.2 
0.0 0.0 
0.07 0 .0 
0 .11 0.0 
0.13 0.035 
0.14 0.040 
0.16 0.05 
0.16 0.06 
0.17 0.065 
0.175 0.07 
O.IH 0.07 
0.18 U.075 
0.19 0.075 
0.19 0.08 
0.195 0.085 
0.200 0.09 
0.200 0.09 
0.205 0.09 
0.205 0.095 
- 2 -
19. 
20. 
2 1 . 
22. 
23 . 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
3 1 . 
32. 
33 . 
34. 
35. 
36. 
37. 
38 . 
39. 
40 . 
4 1 . 
42. 
9.0 
9.5 
10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
27.0 
28.0 
29.0 
30.0 
32. 
n.205 
0.205 
0.21 
0.22 
0.22 
0.225 
0.23 
0.23 
0.23 
0.235 
0.24 
0.24 
0.245 
0.25 
0.25 
0.25 
0.25 
0.255 
0.26 
0.26 
0.26 
0.26 
0.2G5 
0.265 
0.100 
0.100 
0.105 
0.105 
0.11 
0.11 
0.115 
0.12 
0.125 
0.125 
0.13 
0.13 
0.13 
0.135 
0.135 
0.140 
0.14 
0.145 
0.145 
0.15 
0.15 
0.15 
0.155 
- 3 -
43 . 
44. 
45 . 
46. 
47. 
48 . 
49. 
50. 
5 1 . 
52. 
53 . 
54. 
55 . 
56. 
57. 
58 . 
59. 
60. 
6 1 . 
62. 
63 . 
64. 
65. 
34.0 
;i(i.(l 
38.0 
40.0 
42.0 
44.0 
46.0 
48.0 
50.0 
52.0 
54.0 
56.0 
58.0 
60.0 
65.0 
70.0 
75.0 
80.0 
85.0 
90.0 
95.0 
1 (JO. 0 
105.0 
0.27 
0.27 
0.27 
0.27 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.29 
0.29 
0.30 
0.31 
0.31 
0.315 
0.32 
0.32 
0.32 
0.325 
0.32 
0.16 
O.Ki 
0.16 
0.16 
0.165 
0.17 
0.17 
0.17 
0.175 
0.175 
0.18 
0.18 
0.18 
0.18 
0.19 
0.19 
0.195 
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0.325 
n..l3 
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0.34 
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0.345 
0.35 
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0.36 
0.36 
0.37 
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0.38 
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0.38 
0.38 
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0.26 
- 5 -
1)9. 
90. 
9 1 . 
92. 
93 . 
94. 
95 . 
96. 
97. 
98 . 
99. 
100. 
1 0 1 . 
102. 
103. 
104. 
105 . 
106. 
107. 
108. 
109. 
110. 
111 . 
112. 
3UU.U 
320,0 
340.0 
360.0 
380.0 
400.0 
420.0 
440.0 
460.0 
480.0 
500.0 
520.0 
540.0 
560.0 
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700.0 
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740.0 
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u. ann 
0.39 
0.385 
0.40 
0.40 
0.40 
0.40 
0 .41 
0.415 
0.415 
0.415 
0.415 
0.415 
0.415 
0.415 
0.415 
0.415 
0.415 
0.42 
0.42 
0.425 
().'125 
0.425 
0.425 
U.2(i 
0.26 
0.265 
0.265 
0.275 
0.28 
0.28 
0.28 
0.285 
0.285 
0.285 
0.29 
0.29 
0.29 
0.29 
0.29 
0.29 
0.29 
0.30 
0.30 
0.30 
0.3(1 
0.30 
0.30 
- 6 -
113. 
114. 
115. 
116. 
117. 
118. 
119. 
120. 
121. 
122. 
123. 
124. 
125. 
126. 
127. 
128. 
129. 
13(J. 
131. 
132. 
133. 
134. 
135. 
136. 
780.0 
800.0 
820.0 
840.0 
860.0 
880.0 
900.0 
920.0 
940.0 
960.0 
980.0 
1000.0 
1020.0 
1040.0 
1060.0 
1080.0 
1100.0 
1120.0 
1140.0 
1160.0 
1180.0 
1200.0 
1220.0 
1240.0 
0.425 
0.415 
0.405 
0.405 
0.42 
0.42 
0.415 
0.415 
0.405 
0.405 
0.415 
0.42 
0.42 
0.42 
0.405 
0.405 
0.405 
().;Hin 
0.37 
0.36 
0.35 
0.31 
0.31 
0.31 
0.30 
0.30 
0.295 
0.295 
0.30 
0.30 
0.305 
0.305 
0.30 
0.30 
0.31 
0.31 
0.31 
0.31 
0.31 
0.31 
0.31 
0.27 
0.27 
0.26 
0.3 )'j 
0, 
0, 
0, 
,25 
,24 
,24 
Al'i'KNiilX - Vlll l ^ l 
Resul ts of p a r t i a l chemical ana ly s i s of water samples col lec ted from duR-wells of GariRa-Kali s u b - b a s i n dur ing 1988. 
(HoHiiltR In mR/l) 
N i l . 
\. 
2. 
3 . 
4 . 
5 . 
6 . 
7 . 
B. 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
71) . 
1 0 . 
3 1 . 
3 2 . 
3 3 . 
3 4 . 
I ' l . 
3 6 . 
3 7 . 
3 8 . 
3 9 . 
4 0 . 
4 1 . 
1 i>i n\ ItM^ 
Rajmargpur 
nanoKhpur 
Basal 
Logarh 
Mahera 
Bijauli 
Bliamoribuzurg 
Chnrrn 
Barla 
Chandgarhl 
Sunhera 
Madapur 
P ip lo l 
Ganlwall 
Sura jpur 
Atraul l 
Chaumuhan 
Gha7ipur 
Rukhela 
Ganglri 
Hldramal 
J a r e t h 
Naugaon 
Ikhauna 
Ghinauna 
Garhi 
nlltniii 
Kasganj 
Niirnnll 
Nnmnini 
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Khalrpur 
Gorha 
Wahldpur 
' i i l t n o i t i p l u 
Soron 
Sirawal l 
Isiiiallpur 
Sankra 
Todarpur 
Uhiipui 
UlIUl l l / 
cm 
B.B 
8 . 8 
8 . 7 
7 . 6 
7 . 3 
7 . 6 
7 . 6 
n.H 
8 . 8 
8 . 0 
8 . 8 
8 . 0 
7 . 8 
8 . 0 
7 . 6 
8 . 4 
8 . 6 
7 . 8 
8 .3 
8 . 5 
7 . 8 
7 . 4 
8 . 8 
8 . 9 
8 . 0 
7 . 6 
n .7H 
8 . 4 
n 7 
8 . 3 
7 . 4 
8 . 6 
8 . 0 
8 , 6 
II. H 
8 . 0 
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7 . 7 
7.', 
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470 
344 
609 
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423 
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4'^0 
fl'in 
700 
780 
31'1 
7 3 ! 
42/ ' 
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3 
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-
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6 
28 
-
21 
9 
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14 
9 
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B 
-
5 
15 
6 
III 
19 
14 
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-
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240 
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260 
340 
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230 
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APPENDIX - IX (A) 
Trace element data of ttie water samples collected from tiiiR well. 
(Results mg/litre) 
SI. 
No. 
1 . 
2 . 
3 . 
4 . 
5 . 
6. 
7 . 
0. 
n. 
10. 
1 1 . 
12. 
13 . 
14 . 
15 . 
16. 
17. 
18 . 
19. 
20. 
2 1 . 
22. 
2 3 . 
24. 
25 . 
26. 
27. 
Location 
Rn jmarRpvir 
Ganeshpur 
Lohgarh 
Ganiawall 
Gazipur 
Madapur 
nnrln 
Sunl ion 
Shnrpnr 
Rukhela 
Gangiri 
Malsai 
Charra 
Atraul i 
Gorha 
Bilram 
Naugawan 
Ikhauna 
Ghinauna 
Wahidpur 
Narauli 
Barwari 
Kalan 
Namaini 
Saleempur 
Kahai rpur 
Soron 
Kasganj 
Fe 
0.353 
0.063 
0.048 
0.372 
0.030 
0.234 
0.099 
0.38G 
-
1.021 
0.501 
-
0.30(1 
0.623 
0.143 
0.345 
0.482 
1.396 
0.829 
0.966 
0.286 
0.306 
0.171 
0.37 
1.087 
1.635 
1.92 
Pb 
0.4902 
0.1735 
0.1651 
0.1207 
0.0603 
0.2338 
0.1056 
0.()()79 
0.2036 
0.1961 
0.1357 
0.1903 
0.0429 
0.1025 
0.2123 
0.0220 
0.0952 
0.1830 
0.1903 
0.1537 
0.1757 
0.0293 
0.2399 
0.1949 
0.1649 
0.4723 
0.8546 
Zn 
0.081 
0.040 
0.051 
0.069 
0.017 
0.206 
0.114 
0.122 
n.11 
0.081 
0.104 
0.011 
0.4 56 
0.106 
0.17? 
0.074 
0.063 
0.484 
0.065 
0.127 
0.084 
0.079 
0.056 
0.011 
0.099 
0.067 
0.013 
Cu 
0.026 
0.027 
0.021 
0.020 
0.011 
0.027 
0.055 
0.074 
0.079 
0.038 
0.030 
0.018 
0.077 
0.033 
0.021 
0.026 
0.032 
0.106 
0.040 
0.029 
0.035 
0.041 
0.035 
0.031 
0.058 
0.060 
0.0086 
Cd 
n.0264 
0.0164 
0.0146 
0.0186 
0.0151 
0.0353 
0.0153 
0 .017) 
0.0130 
0.0181 
0.0143 
0.0151 
0.0197 
0.0203 
0.0245 
0.0150 
0.0194 
0.0217 
0.0172 
0.0265 
0.0189 
0.0250 
0.0182 
0.0107 
0.0339 
0.0078 
0.0425 
Cr 
0.0451 
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